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Summary
Enclosed herein is our HWCMO user manual. This manual constitutes the final report for our

NASA/PDC grant, NASA NAG5-8730, "Routine High Resolution Forecasts/Analysis for the

Pacific Disaster Center".

Since the beginning of the grant, we have routinely provided experimental high resolution
forecasts from the RSM/MSM for the Hawaii Islands, while working to upgrade the system to

include: (1) a more robust input of NCEP analyses directly from NCEP; (2) higher vertical

resolution, with increased forecast accuracy; (3) faster delivery of forecast products and

extension of initial 1-day forecasts to 2 days; (4) augmentation of our basic meteorological and

simplified fireweather forecasts to firedanger and drought forecasts; (5) additional

meteorological forecasts with an alternate mesoscale model (MM5); and (6) the feasibility of

using our modeling system to work in higher-resolution domains and other regions.

In this user manual, we provide a general overview of the operational system and the mesoscale

models as well as more detailed descriptions of the models. A detailed description of daily

operations and a cost analysis is also provided. Evaluations of the models are included although

it should be noted that model evaluation is a continuing process and as potential problems are

identified, these can be used as the basis for making model improvements. Finally, we include

our previously submitted answers to particular PDC questions (Appendix V).

All of our initially proposed objectives have basically been met. In fact, a number of useful

applications (VOG, air pollution transport) are already utilizing our experimental output and we
believe there are a number of other applications that could make use of our routine

forecast/analysis products. Still, work still remains to be done to further develop this

experimental weather, climate, fire danger and drought prediction system. In short, we would

like to be a part of a future PDC team, if at all possible, to further develop and apply the system
for the Hawaiian and other Pacific Islands as well as the entire Pacific Basin.
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1. Introduction

The goal of our Hawaii Weather and Climate Modeling Ohana (HWCMO) PDC project was to

develop and routinely deliver high resolution forecasts/analyses to PDC from experimental

Regional and Mesoscale Spectral model (RSM/MSM) forecasts already being run at the Maui

High Performance Computing Center (MHPCC) while enhancing and further developing the

HWCMO forecast/analysis system to include drought and fire danger forecasts as well as an

alternative Mesoscale Modeling System (MM5).

The RSM/MSM currently makes routine forecasts out to 48 hours every day and has shown the

capability of making even longer forecasts (out to 72 hours) depending upon available computer

time. The MM5, which was developed for Hawaii by this contract has shown the capability of

also making reasonable forecasts for at least 30 hours. Both mesoscale models are capable of

being set up for additional regional domains although some effort would be needed to acquire

appropriate land surface conditions such as orography and vegetation as well as a local user

community for ongoing forecast evaluation.

The driving global forecasts come from the National Centers for Environmental Prediction

(NCEP) global (aviation) forecasts, which were initially passed through the Scripps

Experimental Climate Prediction Center (ECPC) but are now obtained directly from the National

Centers for Environmental Prediction (NCEP) anonymous ftp site. Longer range forecasts (more

than 72 hours) would need to use the Scripps Experimental Climate Prediction Center (ECPC)

global forecasts, which are currently run daily out to 7 days and weekly out to 12 weeks. ECPC

forecasts also provide larger-scale (time and space) guidance for the Pacific Basin.

HWCMO standard meteorological output includes precipitation, temperature, wind, relative

humidity and a simplified fire weather index. A new Hawaii fire danger code was developed for

PDC that makes use of the digital data from these forecasts as well as satellite observations of

fuels and fuel stress to provide additional forecasts of various fire danger and drought indices.

Since the beginning of this contract, this output has been made available to the Pacific Disaster

Center (PDC) as raw binary files, as GIS text files, and as images, which are produced at our

web site (http://www.mhp¢c.edu/-wswx/). At PDC's request, GIS files are now being sent to

PDC's anonymous ftp site daily. This output will continue to the end of the contract.

In this PDC user manual, we provide an overview (Sec. 2) of the current forecast systems

installed at MHPCC, which includes the MSM, Fire Danger, and MM5 codes. We then describe

some of the ongoing evaluations of the system (Sec. 3). A summary and some avenues for

further research are provided in Sec. 4. More detailed descriptions of each of the individual

components of the HWCMO system are provided in the User Manual Appendices: Appendix I is

description of the HWCMO system at MHPCC. Appendix II is the RSM/MSM/CVS user

manual, which is also available from the ECPC RSM web site

http://ecpc.ucsd.edu/projects/RSM/. Appendix III is the Hawaii Fire Danger User manual.

Appendix IV provides more details about the Hawaii MM5 although the more general user
manual for this model is available at NCAR, where the main code currently resides. Finally,

Appendix V provides answers to specific PDC questions about our system.
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2. Model Overviews

Our initial HWCMO mesoscale modeling system was based upon a nonhydrostatic version of

regional spectral model (RSM; the nonhydrostatic version, mesoscale spectral model, is referred

to as MSM) being developed at the National Centers for Environmental Prediction (NCEP) and

at the Scripps Experimental Climate Prediction Center (ECPC). During this current PDC grant

(9/1/1999-8/31/2001), we augmented this single mesoscale modeling system with the

NCAR/Penn St. mesoscale model (MM5).

The RSM output currently provides the basic meteorological forecasts and input to a new Hawaii

Fire Danger Code developed for PDC. The new Hawaii Fire Danger Rating System is based on

the National Fire Danger Rating System (NFDRS) that has been used on the continental United

States since 1978 (Deeming and others, 1978).

The current resolution of the forecasts depends upon domain size and model. At the longest time

scales and largest space scales the Scripps ECPC makes global forecasts (200 km resolution) out

to 7 days every day and out to 12 weeks every weekend. These forecasts are equivalent, but at

lower resolution (L18T63) than the NCEP aviation forecasts (L42T170), which are now being

used to drive the Hawaii forecasts (48 hours for the MSM and 30 hours for MM5). However, if

longer term forecasts (beyond 3 days) are desired, then the ECPC forecasts are available. (For

example, the ECPC makes 7 day regional forecasts every day and 16 week regional forecasts

every weekend for many other regions of the world (US, US SW, CA, BZ) at resolutions of 50-

10 kms. For Hawaii, where only 2-day forecasts are currently being done, we use the higher

resolution aviation forecasts (initialized at 00 UTC) to first drive a 10 km MSM for all of the

Hawaiian Islands (first nest). A similar 48 hour forecast with a 10 km RSM is made by NCEP for

the National Weather Service (NWS) in Hawaii. Besides using the nonhydrostatic model (MSM)

another difference between our experimental HWCMO model and the NWS model is that we

further resolve individual island counties at still higher resolution in a second nest. For the RSM

the grid resolutions are: Hawaii, 4kms; Maui, 3 kms; Oahu, 2 kms; Kauai, 2 kms. All nests now
have 42 levels in order to match the levels of the current Aviation forecasts.

As for the MM5 forecasts, the original aviation forecasts (initialized at 12 UTC) drive a low

resolution model (27 kms, 18 levels) for a large-scale domain. Higher resolution models are then

nested within and include: all island (9 kms, 18 levels), and then a third nest is included for

individual counties (3 kms, 18 levels).

RSM and MM5 image output are available on the HWCMO site and GIS text files are also

available on disk which could be used by PDC for its own displays as well as basic input to drive

various PDC application models. In fact, some of the data are ftp'd daily to PDC. The digital

output is also archived on a disk at MHPCC for 5 days before being transferred to the mass

storage. Additional images and output from the Scripps global forecasts are also available upon

request. All of this output is used to drive firedanger and other application models (e.g. vog).

In this section we provide an overview of the models (MSM, Fire Danger Code, MM5) and then

provide more details about the HWCMO models in Appendices II-IV. In addition, Appendix I

provides a complete description of the operational environment at MHPCC for the RSM and
MM5.



2.1RSM/MSM/CVS Overview

The hydrostatic regional spectral model and the corresponding nonhydrostatic mesoscale

spectral model (RSM/MSM) are based upon the global spectral model (GSM, or medium

range forecast, MRF) model used at NCEP for making the four times daily global data

assimilation system (GDAS) analysis and for making the medium range forecast (MRF

and Aviation) predictions. Since the RSM/MSM, developed by Juang and Kanamitsu

(1994; see also Juang, 1997) are regional extensions to the GSM used in the NCEP

operational analysis, in principle they provide an almost seamless transition between the

operational analyses and global forecasts and higher resolution regions of interest.

Another advantage, according to Hong and Leetma (1999), is that the RSM does not have

the same restrictions on nesting size that other regional climate models seem to have and

smaller nests can be embedded within the large-scale reanalysis without noticeable errors
or influences. The RSM has been used for a number of studies over the US and elsewhere

(see http://ecpc._du/prgj_¢ts/RSM/for a list of over 50 recent references).

Both the GSM and RSM/MSM use the same primitive hydrostatic system of virtual

temperature, humidity, surface pressure and mass continuity prognostic equations on

terrain-following sigma (sigma is defined as the ratio of the ambient pressure to surface

pressure) coordinates. The MSM also uses the same coordinate system but also includes

additional terms relevant to nonhydrostatic motions. Therefore, in the absence of any

regional forcing, (and intrinsic internal dynamics, any significant physical

parameterization differences, and significant spatial resolution) the total RSM/MSM
solution should be identical to the GSM solution. A minor structural difference is that the

GSM utilizes vorticity, divergence equations, whereas the RSM/MSM utilizes

momentum equations in order to have simpler lateral boundary conditions. The GSM and

RSM/MSM horizontal basis functions are also different. The GSM uses spherical

harmonics with a triangular truncation of 62 (T62) whereas the RSM/MSM use cosine or

sine waves to represent regional perturbations about the imposed global scale base fields

on the regional grids. The double Fourier spectral representations are carefully chosen so

that the normal wind perturbations are anti-symmetric about the lateral boundary. Other

model scalar variables (i.e. virtual temperature, specific humidity, and surface log

pressure) are symmetric perturbations.

The first part of an RSM/MSM forecast or simulation involves the integration of the

GSM, or the use of the analysis, for a nesting period based upon the large-scale output.

Here, the RSM/MSM predict regional deviations from the large-scale atmosphere base

fields, which are linearly interpolated in time between the two reanalysis output periods

(6 hours). The non-linear advection is first computed at the model grid points by

transforming the global and regional spectral components to the regional grid. The global

quantities are transformed to the global grid and then bilinearly interpolated to the

regional grid; the regional quantities are exactly transformed. These calculations are

almost exact (except for the interpolation error for the global quantities) and thus, like the

global model, the regional model is free of aliasing and phase error. The linearly

interpolated global-scale tendency is then removed, so that, in effect, only the portion

affecting the regional perturbation is retained. At the horizontal boundaries, the

perturbation amplitude approaches zero by a damping function increasing rapidly toward



the lateral boundary, which ensuresthat the boundary tendenciesare similar to the
original GSM tendenciesand features.A semi-implicit time integration schemeis
employed to suppresscomputationalmodesand also to allow the useof longer time
integrationsteps.

We haverecentlydevelopeda new versionof the RegionalSpectralModel (RSM and
eventuallyMSM) to bemanagedby ConcurrentVersionsSystem(CVS) and controlled
by configurefiles andMakefile system.*This new RSM/MSM/CVS systemis designed
to havethe samestructureastheNCEP's Global SpectralModel (GSM), which is also
managedby the CVS, so that the latest updatesof model physics in the GSM/CVS
systemcanbedirectly incorporatedinto theRSM/MSM/CVS system.The surfacefields
in the RSM/MSM/CVSsuchastopography,seasurfacetemperature,surfaceroughness,
and surfacealbedo are obtained directly from the higher resolution observation or
climatologicaldataratherthan interpolatedfrom the lower resolutionglobal analysisor
forecastdata.*TheRSM/MSM/CVShasaparallelcomputingcapabilityandthespeed-up
is about 75% per processor.*Userscan easily downloadand updatethe model code
throughtheCVS.Detailscanbe foundat http://www.cvs.home.org.*

The purpose of the RSM/MSM/CVS user manual (Appendix II) is to provide the users

with entry-level information for the model system installation, the model library and

utility, the model code and input/output structure, and the model integration and run

procedure.* The information for the model dynamics and physics is not included in the
current manual but can be found on the RSM home page

(ht_!Ip//ecpc.ucsd.edu/projects/RSM).* The manual is composed of five subsections as
follows:

* CVS system

* Model system structure

* Model integration road map
* Model IO

* Setting-up experiment and model run procedure

In the CVS system section, the CVS installation and simple usage as well as the

RSM/MSM installation using the CVS are described. The structure of model directories,

libraries and utilities, as well as the source code is described in the Model system

structure section.* The description for the model integration procedure and model

input/output variables and postprocessing can be found in the Model integration Road

Map and Model IO sections, respectively.* Setting model parameters for an experiment

and the run procedure are described in the Setting-up experiment and model run

procedure section
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2.2 Hawaii Fire Danger Overview

The Hawaii Fire Danger Rating System is based on the National Fire Danger Rating

System (NFDRS) that has been used on the continental United States since 1978

(Deeming and others, 1978). To be used effectively, one must know what the NFDRS

will and will not do. The basic principles of the NFDRS are as follows:

1. The NFDRS relates only to the potential of a fire that spreads through

continuous ground fuels, without spotting.

2. The system addresses only those aspects of fire control strategy affected by

fire occurrence and behavior

3. The ratings are relative, not absolute.

4. Fire danger is rated from a worst case approach by virtue of using afternoon
weather observations.

There are three basic inputs to computing fire danger rating - weather, topography and

fuels. Because fire danger is a cumulative phenomenon, weather is the driver in terms of

producing seasonal changes in fire danger estimates. Topography is used to reflect the

fact that fire burns faster upslope than on flat ground. Vegetation is deemed to be fuel for

fire danger rating purposes. Twenty NFDRS fuel models represent the vegetation types

across the U.S., defining fuel characteristics such as depth, load by live and dead classes,

heat content, fuel particle size, etc. These basic inputs are converted into various fire

danger indexes by processing them through a modified version of the fire spread model

developed by Rothermel (197?).

The standard NFDRS uses weather data measured at many weather stations and is

assumed to apply to a large, vaguely defined area surrounding each weather station.

Vegetation (fuel) types and slope are defined for each weather station and assumed to

apply to the same surrounding area. The Hawaii Fire Danger Rating System (HFDRS)

differs from the National Fire Danger Rating System in that the HFDRS calculations are

done using gridded fuels, weather and topography data. This provides the opportunity to

improve on these input data. The fuels data for the HFDRS is defined at lkm spatial

resolution, while the weather data is at 2, 3, or 4 km resolution, replicated to lkm

resolution. The higher resolution fuels data permits display of more fire danger

variability through the assumption that the actual weather parameter values are

reasonably constant within a 4, 9, or 16 square km area.

Figure 1 illustrates the structure of the HFDRS. Individual island fuel maps were derived

from seasonal NDVI profiles of Hawaii vegetation, classified into 26 categories, then

translated to NFDR fuel models with the aid of local fire managers. These are static

maps that define the fuel model to be used for each pixel. In development of the NFDRS,

it was found that seasonal moisture changes of large, approximately 6 inch diameter,

dead wood provided a mechanism for calculating the moisture of live vegetation. The

fire danger output maps are posted on the internet for easy user access.
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Figure 1. Structure of the Hawaii Fire Danger Rating System

The outputs of the HFDRS are as follows:

1. Spread Component - A rating of the forward rate of spread at the head of a
fire.

2. Energy Release Component - A number related to the available energy (Btu's

per square foot within the flaming front at the head of a fire.

3. Burning Index - A number related to the contribution of fire behavior to the

effort of containing a fire.

4. Ignition Component - A rating of the probability that a firebrand will cause a

fire requiring suppression action.

, Keetch-Byram Drought Index - A number (0-800) defining how many

hundredths of an inch of water is required to saturate the soil. This index was

not part of the original NFDRS, but was added in a 1988 revision.



2.3MM5 Overview
The PSU/NCARmesoscalemodel,version5 (MM5), is a limited-area,nonhydrostatic,terrain-
following sigma-coordinatemodeldesignedto simulateor predictmesoscaleandregional-scale
atmosphericcirculation. It hasbeendevelopedatPennsylvaniaStateUniversityandtheNational
Centerfor AtmosphericResearch(NCAR) asacommunitymesoscalemodelandis continuously
being improvedby contributionsfrom usersat severaluniversitiesandgovernmentlaboratories.
It hasundergonemanychangesdesignedto broadenits usage.Theseinclude(i) a multiple-nest
capability; (ii) nonhydrostaticdynamics, which allows the model to be applied at a few-
kilometer scale; (iii) multitaskingcapabilityonshared-anddistributed-memorymachines;(iv)
afour-dimensionaldata-assimilationcapability;and(v) morephysicsoptions.

The model is supportedby severalauxiliary programs. Terrestrialandisobaricmeteorological
dataarehorizontally interpolated(programsTERRAIN andREGRID)from a latitude-longitude
meshto a variable high-resolutiondomainon either a Mercator,Lambertconformal, or polar
stereographicprojection. Since the interpolation does not provide mesoscaledetail, the
interpolateddatamay beenhanced(programRAWlNS or little_r) with observationsfrom the
standardnetwork of surfaceand rawinsondestationsusing either a successive-scanCressman
techniqueor multiquadricscheme.ProgramINTERPFperformsthe vertical interpolationfrom
pressurelevels to the sigmacoordinatesystemof MM5. Sigmasurfacesnearthegroundclosely
follow the terrain, and the higher-level sigmasurfacestend to approximateisobaric surfaces.
Sincethevertical andhorizontalresolutionanddomainsizearevariable,themodelingpackage
programsemployparameterizeddimensionsrequiringavariableamountof corememory.Since
MM5 is a regional model,it requiresinitial conditionsandlateralboundaryconditionsto run.
Oneneedsgriddeddatato covertheentiretime periodthatthemodel is integrated.

Features of the Modeling System (adapted from www.mmm.ucar.edu/mmS/mm5-home.html)

are:

• Globally re-locatable

o Three map projections:

• Polar stereographic;
• Lambert conformal;

• Mercator.

o Variable resolution terrain elevation, landuse, soil type, deep soil temperature,

vegetation fraction, and land-water mask datasets are provided (the new global 30

sec terrain data may be obtained from USGS anonymous ftp site).

• Flexible and multiple nesting capability

o Can be configured to run from global scale down to cloud scale in one model

o Can be run in both 2-way and 1-way nesting mode:

• 2-way: multiple nests and moving nests

• 1-way: fine-mesh model driven by coarse-mesh model

o Nest domain can start and stop at any time.

o Nest terrain file may be input at the time of nest start-up in the model.

• Real-data inputs

o Use routine observations

o Couple with global models and other regional models



• Non-hydrostaticdynamicframework.
• Terrain-followingverticalcoordinates.
• Choicesof advancedphysicalparameterization.
• Four-dimensionaldataassimilationsystemvia nudging.
• Adjoint modeland3DVAR (underdevelopment).
• TheMM5 modelingsystemrunsonvariouscomputerplatforms

o shared-memorymachines
o Parallelizedondistributed-memorymachines

• Well-documented,anduser-supportavailable.

MM5 Model Physics Option_

• Precipitation physics

o Cumulus parameterization schemes:
• Anthes-Kuo

• Grell

• Kain-Fritsch

• Fritsch-Chappell
• Betts-Miller

• Arakawa-Schubert

o Resolvable-scale microphysics schemes:

• Removal of supersaturation
• Hsie's warm rain scheme

• Dudhia's simple ice scheme

• Reisner's mixed-phase scheme

• Reisner's mixed-phase scheme with graupel

• NASA/Goddard microphysics with hail/graupel

• Schultz mixed-phase scheme with graupel

• Planetary boundary layer process parameterization
o Bulk formula

o Blackadar scheme

o Burk-Thompson (Mellor-Yamada 1.5-order/level-2.5 scheme)

o Eta scheme (Janjic, 1990, 1994)

o MRF scheme (Hong and Pan 1996)

o Gayno-Seaman scheme (Gayno 1994)

• Surface layer precess parameterization
o fluxes of momentum, sensible and latent heat

o ground temperature prediction using energy balance equation

o variable land use catagories (defaults are 13, 16 and 24)

o 5-layer soil model and OSU land-surface model (V3 only)

• Atmospheric radiation schemes

o Simple cooling

o Dudhia's long- and short-wave radiation scheme
o NCAR/CCM2 radiation scheme

o RRTM long-wave radiation scheme (Mlawer et al., 1997)



3. Model Evaluations

In this section, we describe some ongoing evaluations of the MSM and the new Hawaii Fire

Danger Code. The MM5 has not yet been evaluated, since it was brought online only near the
end of the contract. However, it should be noted that preliminary comparisons have not indicated

any clear superiority of any regional model and there is in fact some evidence that probability
forecasts from model ensembles, which include different models, may be superior to single

forecasts or probability from single models. Depending on resources, different models can be

optimally combined to give superior forecasts, much like current weather services, who have

access to not only their own forecasts but also forecasts from other national weather services,
will make use of both. However, if resources are limited, it may be better for PDC to just pick

one model that can adequately do at least the required analysis job. In that regard, our

RSM/MSM system has now been more thoroughly tested and is being used to drive the fire

danger and drought predictions. Thus we would have the greatest confidence in the RSM/MSM

to continue to carry out all of our now routine forecasts of meteorological variables and fire

danger variables.

3.1 RSM/MSM Evaluations

Two types of model evaluations for the RSM/MSM are described here. These include: (3a.l) an

evaluation of the overall model climatology and forecast skill in comparison to available

observations; (3a.2) a more detailed look at a high resolution case study for Oahu, which was

developed as part of a graduate student thesis (Funayama 2001). The latter study was undertaken

in order to understand how resolution might affect the solution.

3.1.1 RSM/MSM Climatology

To provide some background for the subsequent model comparisons to the station observations,
we first show the annual mean model climatology developed during the current PDC contract. In

particular, all easily available 24-hour forecasts (output every 3hours from 3h to 24h) were

averaged for each month and then all available months were averaged to form an annual mean. It

should be noted that lthough the forecasts were routinely made since the beginning of the

contract, serious archival did not occur until the bugs in the output storage and transfer had been

eliminated, and we now have fairly clean (albeit still a number of missing forecasts) data from

Dec. 1999-present. The reasons for the missing forecast days were that serious disruptions

occurred as the software and hardware systems were extended and modified and some of our

preliminary fail-safe mechanisms did not always work. Each missing period has taught us a

valuable operational lesson, which we tried to subsequently correct, and the current system has

operated unfailingly since April 2000. Despite the missing days, we were still able to acquire

enough output data to make meaningful model climatology and this climatology along with the

comparison to the available meager observations are described below.



RSM (3-24 hr Avg) Annual Mean Temperature (°F), (12/1999-6/2001)
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Fig. 1 Annual mean average temperature (F).

Fig. 1 shows the annual mean average temperature for the islands. Note the lapse rate effect in

that higher elevations have lower temperatures, on average. This is a characteristic elevation

effect although the Hawaii Islands tend to have greater contrasts over shorter distances than most

places. Note that the central valley of Maui, as well as Molokai, Lanai, and Kahoolawe, and the

coastal regions of Hawaii have some of the highest temperatures whereas the lowest

temperatures occur at the top of the volcanic peaks.



" RSM (3-24 hr Avg) Annual Mean (Tmax-Tmin) (°F), (12/1999-6/2001)
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Fig. 2 shows the diurnal temperature range for the islands, which is greatest on the lee side of the

mountain ranges. The diurnal temperature range can be as large as l0 K, especially on the
leeward side of Kauai and Hawaii. As will be shown later, this diurnal temperature range may be

underestimated since the MSM high temperatures tend to be low and the low temperatures tend

to be high in comparison to observations.



RSM (3-24 hr Avg) Annual Mean Precipitation (mm/day), (12/1999-6/2001)
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Fig. 3 Annual mean precipitation (mndday).
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Fig. 3 shows the average precipitation in the model. During this particular evaluation period the

precipitation was fairly minimal, with the greatest amounts occurring in central Kauai. Relatively

large amounts occur on the windward sides of all islands, where the orographic uplift provides

sufficient cooling for condensation to occur.



RSM (3-24 hr Avg) Annual Mean Relative Humidity (%), (12/1999-6/2001)

22 1£_N

22 00¢N

Kauai
• 100 2I 45ON

95

90

85 21 30ON

8O

75

70 21 tSG_N

21 00¢N

20 30ON

Maui

Oahu
9O

85

80

75

159 4'5OW 159 3_W 159 1SOW 158 I',_DW 158 (_N 157 4',5OW 70
,-90

100 20 O0_N

9O

19 30ON
8O

Hawaii

70

157_¢ lr=4_ _OOW

Fig. 4 Average relative humidity.

19 00ON

6O

,80

• 7O

50

Fig. 4 shows the average relative humidity for the islands. Note that the relative humidity is

greatest near the peaks of the mountains, except for the island of Hawaii, which has the greatest

values in the coastal regions. Except for the peaks of Hawaii, the relative humidity distribution

is, in many respects, the inverse of the temperature distribution.



RSM (3-24 hr Avg) Annual Mean Wind Speed (m/s), (12/1999-6/2001)
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Fig, 5 shows the average wind speed and direction for the islands. For the most part easterly

trade winds occur over the islands with perhaps the tallest island, Hawaii, having the greatest

impact on the winds. It should also be noted that for the most part the weakest winds are on the

windward side where rising motion occurs and stronger winds are found just to the westward lee

of the mountain peaks. However, regions of return flow near the Kihei region of Maui and the

kona coast of Hawaii are also regions of weak wind.



RSM (3-24 hr Avg) Annual Mean Fire Weather Index, (12/1999-6/2001)
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Fig. 6 shows the average fireweather index, which represents an appropriate combination of

windspeed and humidity. For example the lowest values occur over the low wind speed and high

humidity areas. Higher values occur where the wind speed is higher and the humidity is lower. It
should be noted that this fireweather index does not take into account characteristics of the

vegetation, which are better described by the fire danger indices described elsewhere. However,

preliminary comparisons do show the broad similarity of the fire weather index to the fire danger

indices, which somewhat justifies the use of this simple index.
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Fig. 7 Observation stations used for the current evaluations of RSM/MSM forecast skill.

In order to evaluate these values, we need to compare them to individual observations. Available

observations from NCDC are shown above in Fig. 7. As may be seen, the majority of the NCDC

observations are temperature and precipitation. Only 4 stations (at the island airports) also

measure relative humidity and wind speed. Given the scarcity of stations, we then decided to

simply average all of the stations together and not try to analyze whether certain stations are

better forecast than others for now.
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The model valueshave somedifferenceswith the observations as shown in Fig. 8. Note the

reduced maximum temperature and the increased minimum temperature, indicating that the

model at these observation points, have a reduced diurnal cycle. As shown in Table 1, this

diurnal cycle increases in the second 24 hour forecast, which indicates that part of the bias comes

from the initial global conditions. The precipitation shows a respectable forecast mean as does

the relative humidity. However, the model surface wind speed is a bit too high, which may bias
the fire weather index.

Forecast correlations were calculated by first removing the seasonal cycle since we did not want

to bias the skill with any strong seasonal variations. For example, the highest correlations were

the forecast temperature field (.552) and if the seasonal cycle had been included the correlations

would have been closer to .86. Precipitation forecasts are also well correlated with observations

(.490), which is somewhat surprising but given the strong orographic rainfall, Hawaii may be an

easier place to forecast precipitation than most. The model does not seem to have forecast skill

(at least beyond depicting the climatology) for relative humidity variations, which is probably

due to the small relative humidity variations there. However, despite the high wind speed bias,

the model does seem to have the capability to forecast wind speed variations, and the fire

weather index may therefore provide at least partially useful FWI forecasts. A number of other

useful applications (VOG, air pollution transport) are already utilizing our experimental output

and there are a number of other applications that could use of our routine forecast/analyses.

Table 1 summarizes the results as well as limited comparisons for the 48 hour forecasts. Note

that the highest skills occur during the first 24 hour forecasts but that there is still some useful

skill for even the 48 hour forecasts.

OBS RSM Corr Obs

Temp(F) 71.26 70.60 0.552 70.39
Tmax-Tmin 14.41 5.45 0.156 14.51

Precip(mm) 2.65 3.10 0.490 2.33

RH(%) 74.77 78.27 -0.053 74.96 ....

WS (m/s) 4.76 8.27 0.772 4.61
FWI NA 17.89 NA NA

RSM 24- RSM 48- Corr 24- Corr 48-hr

hr hr hr

70.00 69.01 0.599 0.356

6.19 6.27 0.201 0.110

2.78 4.02 0.613 0.546

77.02 75.83 -0.154 -0.225

8.61 9.51 0.805 0.663

19.78 21.75 NA NA

Table 1. RSM Fcsts vs. NCDC Station Obs. The first 3 columns show the means and

correlations for the first 24 hour forecasts for the period of record (12/1999-6/2001). The next 5

columns show similar correlations but for the shorter period during which we had 48 hour

forecasts (3/2001-6/2001). Note that NA indicates this quantity was not available.

To summarize, we now have a working model climatology for most of the RSM/MSM output

and this climatology could be used to further distinguish between periods of above and below

normal climate behavior, with some degree of confidence given that the daily forecast skill is

significant for almost all forecast meteorological variables (even when the climatology is

removed). However, we still need to develop an analysis of fire danger and drought indices in

order to: (1) assess possible periods of relatively increased danger; (2) examine the relationships

among all the firedanger and drought indexes; (3) compare our simplified fire weather index to

these more comprehensive indices. Such work is still underway and is discussed briefly in sec.

3.2.



3.1.2 H igh Resolution MSM Case Study

The 1-km resolution is a continuation in the investigation of the characteristics of high-resolution

modeling. It involved reconfiguring the MSM that covered the island to preserve topographic

boundary conditions that had been used in the two-kilometer run. The change effectively

reduced the time-step from 20 seconds to 5 seconds in the model and increased the time to

complete the run to nearly 24 hours to complete a 24-hour forecast. The main benefit is that

orographic features are better definition of small-scale features and possibly able to reproduce

valley circulations and more realistic island interactions.

The model ran 48-hour simulations for four days in 2000 August on 8/13, 8/14, 8/15, and 8/16.

The intent was to have a sufficiently long period to analyze each day and to avoid model spin-up

effects. Each run overlaps one another allowing a comparative analysis between runs based on

different global forecasts. The August 13 model run served as a test run for the model

configuration and not part of the analysis.

Two regions on O'ahu used for analysis in this section are Makua Valley and the Schofield

Plain. One reason for choosing these regions was the opportunity to take part in the US Army

burn experiment where controlled burns were conducted for study of brush fire behavior.

Another, mentioned earlier, was the availability of remote area weather system (RAWS) stations.

These automated sites provide hourly observational data used by the military. Six stations were

used, three in Makua and three in Schofield. This section here is to have a preliminary

examination of the 1-km model output and compare them to observations. Basically, the

objective is simply to discuss the differences seen.

biakua Valley

Makua Valley is located on the leeward coast on the northwest portion of O'ahu. The two-

kilometer run is unable to define the valley and as such, not a viable representation. The one-

kilometer grid spacing is more effective and allows the opportunity to study the model's

simulation of the region. The analysis involves three sites corresponding to RAWS sites in

Makua allowing the use of observational data for model validation. Further analysis of the

observational data show a lack of observations on the valley floor with the site along the ridge

providing the most regular data.

Temperature

The model temperature shows a regular diurnal cycle that has a range mean of 4.2 ° C. As

expected, the warmest temperatures are associated with the Makua Range Control being nearest
to sea level and the coolest with the Makua ridge site. The transition between night and day is

not as dramatic as the observed as seen from the Makua ridge site (Fig. 1). The observed

temperature peak exceeds the model peak by as much as 2.8°C for the ridge. Figure 2 shows the

Makua Portable indicates a similar difference between observations and model indicating
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an underperformance by the model. The overnight values are warmer though closer to observed

values.

Short Wave Radiation

The assessment of incoming solar radiation shows the model values with regular pattern that

rises upon sunrise (0700 HST), peaking in the early afternoon, and then goes to zero at dusk

(2000 HST). This pattern is persistent for each run, implying nonexistent cloud cover. The

Makua ridge observations follow the model transition at dawn and dusk. The daylight hours

show no pattern but can be attributed to clouds due to orographic lifting over the Wai'anae

mountains. Figure 3 illustrates the distinct pattern between model and observed values for the

Makua ridge site.

10-Meter Winds

Wind analysis for Makua in general indicate strong trade winds with little variation in direction,

which contrasts greatly with observations. The 2000 August 14 36-hour model streamline

analysis, valid for 12Z on 15 August, shows the strong winds exceeding 10 m s" and no valley

circulation present (Fig. 4). This finding is not surprising since such wind speed with have less

interaction with topography. The streamline analysis shows winds to be strong for each model

run. Any expected atmospheric interaction (increased wind speed, evidence of convergence, etc)

with the valley does not show up. Makua portable model wind direction
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remained steady throughout the day. The observations, despite missing values, indicate a wind

shift from nominally easterly to an onshore direction, a sea breeze signature. Makua Range also

indicated a sea breeze. The model winds are persistently strong for each run with the

observations showing lower values on a consistent basis Makua Ridge has a low frequency cycle

in the model wind speed compared to the more variable observations (Fig. 5). Also evident is an

increasing trend in the model where observed data shows fluctuations without any longer term

change.
The conclusion here is that the lack of local interaction results from the 10-km Hawaiian

Islands run predicting layer-scale strong trades. This renders the 2-km resolution predictions as

having strong trade winds and hence, no local interactions.

Precipitation

Model and observed precipitation indicates values similar in magnitude as seen at the Makua

ridge site for 8/14 and 8/15. The timing of the events has a delay between model and observed

values by one hour later (8/14) to being several hours early (8/15). While timing of the forecasts

is important, the more telling aspect is the magnitude comparison with a maximum difference
less than 1.5 mm where observations are available. The Makua Portable observations are sparse,

but indicate model and observed values possessing similar magnitude of rainfall amounts.
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$¢hofield Plains

The Schofield Plain is situated on the central plain at elevation (> 200 meters) separating the

Ko'olau mountains and Wai'anae range. Unlike Makua Valley, precipitation may be greater

since the rain shadow is of one mountain range instead of two. Additionally, the RAWS

observations are mostly available for validation. Available RAWS sites are Schofield Barracks,

Schofield Portable, and Schofield East. The first two are located near the eastern slopes of the

Wai'anae range with the third situated on the 'East Range'. All three are on the Schofield

Barracks Military Reservation.

Temperature

The August 14 temperature time-series for the Schofield Barracks site is displayed (Fig. 6).

Again, the model values show a regular diurnal with the difference in extremes to be less than
that shown for the observed values. The model values have a smaller range of extremes with a

mean of 4.6 ° C, this observed range of extremes are nearly double at 9.3 ° C. The model

maximum temperatures are cooler than observed by 3.9 ° C, minimum temperatures are warmer

by 1.0 ° C. The comparison is similar to the time-series for Makua Valley where it

underestimates the maxima and overestimates the minima as well.
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Short Wave Radiation

Incoming solar radiation for August 16 shows a diurnal change from dawn to dusk. The general

symmetry of observed values with modeled shows a lack of attenuation of the short wave

radiation, indicating sufficiently clear skies, allowing a direct comparison of incident solar
radiation. The Schofield Barracks site shows an underestimation in the afternoon (Fig. 7).

Schofield East values present an overestimation. The observed values decline earlier and more

rapidly than the modeled values (Fig. 8). The short wave radiation trend for the Schofield sites

may be the sun setting behind the Wai'anae mountains cutting off direct incident radiation from

the sensors. This also explains the observed lag at the Ko'olau range at dawn. Mountainside

cloudiness also contributes toward masking the incident radiation when at extreme angles.

lO-Meter Winds

Figure 9 shows the August 15 MSM run with the wind direction time series for Schofield
Barracks. The obvious difference is the evidence of a wind shift in the model winds. The

interval between the 37-hour (12Z, Aug. 16) and the 42-hour (18Z, Aug. 16) periods show a

nearly 180-degree shift. The transitions are sharp in nature similar to the observations but

showing a longer reversal period. The August 16 MSM run shows a similar pattern in wind

direction and apparently closer to actual observations (Fig. 10). The latter half shows the model

winds maintaining a northeasterly direction while the observed winds become light and variable.
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Precipitation

The August 14 Schofield Barracks precipitation based on the August 14 MSM Run is shown

(Fig. 11). The main difference is that the model shows the large precipitation values in excess of

10 millimeters by the 19-hour forecast (19Z, Aug. 14). The observations show no rain through

the period. The Schofield Portable shows similar results. Unlike the Makua sites, the model

fails to produce any semblance of realistic values. Schofield East, which is essentially isolated

from the other two, shows little precipitation. The model does not appear to be consistent in

predicting precipitation events since the August 16 MSM run shows rainfall event predicted for

Schofield East with comparable magnitudes (Fig. 12). Again, the onset is off by several hours

between the model and observations. Nominally, Schofield Barracks indicates no events

predicted; that concurs with observations for the same period.

The model runs shows apparent inconsistency of predicting events on a daily basis. The runs are

on a 1-km grid that is nested in a 10-km grid providing input that is ultimately dependent on

global data. The assumption is that it provides the initial analysis and serves as a forcing

function for the running of the higher resolution simulations. The study of the three days shows

various degrees of skill, but the fact remains that each day had different global data involved.

Again, what is seen is that mixed results are present. The 10-m winds are consistently strong for

each model run for the entire island. The expectation is that the change of grid resolution and

increased resolution of topography would induce greater interaction at smaller scales such as

those associated with valley circulations. The Makua Valley streamline analysis fails to discern

any indicators that topography has significant impact on the flow into the valley. Conversely,

the Schofield sites indicate the prediction of down slope flow from Mount Ka'ala that is

confirmed by observations. The nature of this event is in evidence for two consecutive days

showing the model's ability to simulate such events.

The 1-km MSM runs show stronger than observed wind events, overestimation of daily highs,

and nominally similar precipitation magnitude but a difference in the onset. The evidence shows
that the model has some drawbacks with the treatment of high-resolution simulations. The

assessment of the results presented suggests that the MSM needs some additional improvements

and may be correctable, but that is outside the scope of this text.

Conclusions

The 1-km output shows biases seen in the 2-km output remain present. The biases are likely to

be exacerbated by the strength of the winds. The model winds are stronger than observed,

pointing to the effects of large-scale flow. The need of local observations into the model is

needed as forecasts overestimate actual values by a large amount.



3.2 Hawaii Fire Danger Evaluation

The National Fire Danger Rating System is now a national system whose use has been

mandated to the U.S. Forest Service, and is also being used by other federal wildland

management agencies (Bureau of Land Management, Bureau of Indian Affairs, U.S. Fish

and Wildlife Service) and numerous state land management agencies. For the continental

U.S., weather data is taken daily at over 1200 fire weather stations scattered across the

country. These data are managed by the Weather Information Management System

(WIMS) which contains the software used to process fuels, weather and topography data

into fire danger indexes. The WIMS also archives daily weather observations as well as

fire occurrence data for future reference and analysis. Processing occurs on the IBM

mainframe computer at the USDA National Information Technology Center in Kansas

City. The system is accessible 24 hours a day. Maps of the various fire danger indexes

and other outputs are available to users at the Wildland Fire Assessment System (WFAS)

website: http://www.fs,fed.us/land/wfas/welcome.html System oversight is through the

National Advisory Group on Fire Danger Rating, with representatives from both state and

federal wildland management agencies.

The NFDRS has several uses:

1) Determination of daily industrial fire precaution level. Relationships were

established between fire danger indexes and final fire size, then used to

calculate a graduated scale of restrictions used by most agencies in the Pacific

Northwest to regulate industrial operations, resulting in a significant reduction
in industrial related fires.

2) Determination of regional preparedness levels. Fire coordination centers must

assess their readiness level on a daily basis. Their decisions may include pre-

positioning resources, requiring off-duty personnel to report or ordering

contingency resources from outside the area.

3) Support of severity requests. Most agencies have some process whereby local

units can request additional funding to supplement their basic presuppression

organization funds. This usually requires supporting data to show that their

current conditions are more severe than those anticipated during their planning

efforts. Often, current values of selected NFDRS indexes are compared with

historic worst case and normal values for the corresponding dates to support

funding requests.

4) Facilif;ation of Briefings. Inadequate briefings of firefighters unfamiliar with

the local area, as to expected conditions, has resulted in loss of life on several

wildfires. In 1997, the NAGFDR developed a Fire Danger Rating Pocket

Card for Firefighter Safety as a tool to aid in these briefings. Among other

things, this card contains information about levels of NFDRS indexes

associated with recent large fires that occurred in the local area; thresholds of

critical fire behavior based on local experience, and local fire danger

interpretations.
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w 5) preplanned dispatch. Many units preplan their actions in response to reported

incidents by comparison of historic fire size with the various fire danger

indexes. A graduated response can be developed based on local experience in

using the NFDRS outputs.

6) Guidance of public use restrictions. Analysis of local conditions associated

with human caused fire occurrence can help determine when to initiate public

use restrictions. By establishing a relationship between human caused fire

starts and the current values and trends of fire danger indexes, one can target

and time the implementation of specific public use restrictions.

Because the HFDRS is newly established for Hawaii, it will be necessary to build an

archival of fire weather and fire danger index data so relationships between index values

and fire activity can be determined. These relationships are required for all of the

previously mentioned uses of fire danger rating. Because the HFDRS outputs fire danger

index maps directly, rather than index values for specific weather stations as is done on

the mainland, currently available analysis tools may be inadequate. Further improvements

on the resolution of the weather data would be useful in that this would make better use

of the lkm resolution fuel model map.



4. Summary and Future Efforts

Since the beginning of the PDC project, near real time and routine forecast data have been made
available to PDC even while we worked to enhance this information. Our initial products, which

came from 24 hours of the MSM were available in near real time but timeliness and consistency

of output were major issues for running high resolution models on older computers with a

number of weak operational links. We have since extended the MSM forecasts to 48 hours, with

the initial forecasts now available by 7am every day by taking advantage of the latest open mp

processors at MHPCC and letting the output processing be done in parallel with the model

execution as well as through the addition of many redundant and fault tolerant scripts and

accessing the input data directly from NCEP. Comparable MM5 forecasts are made out to 30
hours 12 hours later. These mesoscale forecasts now provide higher resolution forecasts at

greater time horizons than are available from the National Weather Service. However, it should
be remembered that the National Weather Service is in charge of issuing official forecasts and

PDC will need to work with them in the future to make them aware of the unique possibilities of

the current operational system for not only increasing the accuracy of the weather service

forecasts but also for having access to the additional digital data available for driving other

application models. High resolution analyses of various events could also be developed from the

routinely archived data at MHPCC or Scripps.

Our initial simplified fire danger product, the Fire Weather Index (FWI), which is based only

upon meteorological conditions was augmented for PDC by development of a new Hawaii Fire

Danger Rating System, which is based on the National Fire Danger Rating System (NFDRS) that
has been used over the continental United States since 1978. In addition to fire danger indices, a

drought index is also produced as part of the fire danger rating. There are three basic inputs to

computing fire danger rating: weather, topography and fuels. Because fire danger is a

cumulative phenomenon, weather is the driver in terms of producing seasonal changes in fire

danger estimates. Topography is used to reflect the fact that fire burns faster upslope than on flat

ground. Vegetation is deemed to be fuel for fire danger rating purposes. Twenty NFDRS fuel

models represent the vegetation types across the U.S., defining fuel characteristics such as depth,

load by live and dead classes, heat content, fuel particle size, etc. These basic inputs are

converted into various fire danger indexes by processing them through a modified version of the

fire spread model It should be noted that the Hawaii Fire Danger Rating System (HFDRS) differs

from the National Fire Danger Rating System in that the HFDRS calculations are done using

gridded fuels, weather and topography data instead of station data. The fuels data for the HFDRS

is defined at lkm spatial resolution, while the weather data is at 2, 3, or 4 km resolution,

replicated to lkm resolution. The higher resolution fuels data permits display of more fire

danger variability through the assumption that the actual weather parameter values are

reasonably constant within a 4, 9, or 16 square km area.

A number of preliminary evaluations of HWCMO products, climatological as well as a high

resolution case study with the MSM indicated that the current system provides significant and

useful forecasts. There are still problems that users must be aware of, such as a damped diurnal

cycle and too high wind speeds but with proper knowledge of the forecast biases, users should be

able to use the forecasts for a large number of applications. For example, besides using the

output for fire danger and drought predictions, output from the 48 hour MSM forecasts are now

being used to drive a volcanic aerosol transport (vog) model, which was another PDC supported
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research project. Other applications, requiring routine high resolution forecasts/analysis could

also be supported.

Our major concern at this point is whether we can keep this HWCMO/PDC effort going past the

end of the contract. We would like to continue to be part of a subsequent PDC team if at all

possible. We believe we can provide, on a regular basis, all the meteorological data products that

PDC needs for high-resolution analysis of meteorological disasters for the Hawaiian islands. We

also can provide, on a regular basis, timely accurate forecasts for PDC applications, such as fire

danger, drought, and vog.

Also, given that the current forecasting system has recently been extended past the initial 24 hour
forecasts to 48 hour MSM forecasts and 30 hour MM5 forecasts and given that the previous

evaluations were done for the first 24 hours, we still need to further understand what kind of loss

of skill occurs at more extended time ranges. We also need to go beyond the initial evaluations to

better explore various features of the current forecast system including boundary layer and sea

breeze evolutions, precipitation distributions, comparison of fire danger predictions with fire

occurrences, etc.. We also need to compare the MSM with the MM5 to determine if there is a

clear advantage to one modeling system or whether both should or could be used depending

upon the situation.
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Appendix I. HWCMO System
The RSM and MM5 codes are run every day by a cron job on MHPCC s IBM SP Nighthawk,

Tempest, and controlled by a series of scripts that handle the downloading of data, preprocessing,

job submission, image creation, and archiving of forecast output to mass storage. Below, we

describe the daily operations in more detail. Also included is a cost analysis of running both

models in parallel on Tempest. Finally, it should be noted that we have data from the RSM

model stored since March 1998 and the MM5 model since March 2001, which could be used for

further evaluation. (see ht___://www.mhpcc.edu/projects/wswx/catalog.html).

RSM Daily Operations:

1. Global forecast data is downloaded directly from NCEP at 6 pm HST.

2. The All Island (10 km) run is submitted to MHPCC's IBM SP Nighthawk system to be

run in parallel on 4 processors.
3. After 6 simulation hours have passed, the all island web page is updated and this

information is passed down to the nested county domains. Now the individual county

runs (Hawaii county at 4 km, Maui at 3km, Oahu and Kauai at 2km) are submitted to

MHPCC's IBM SP Nighthawk system to also be run in parallel on 4 processors each.

4. After each run is completed, the output data of the model at 6-hour increments is

converted into images and posted to the Ohana web page at

ht_h_:J/_w.ml_pcc.edu/prgjects/wswx.

5. When all runs are completed the output data (every 3h up to 48 hours) is kept in a

separate directory for that day and held there for 5 days before it is archived.

6. After 5 days, all the data is packaged into a single file and compressed. It is then sent to

MHPCC's mass storage system, HPSS. When the data is packaged and sent to HPSS it is

also recorded to a web page. This record tells how many simulations hours were

completed for the all island run as well as the individual county runs.
o

MM5 Daily Operations:
1. Global forecast data is downloaded directly from NCEP at 11 pm HST.

2. Preprocessing is done to prepare the NCEP data for use by the MM5 model.

3. MM5 runs in parallel on MHPCC's IBM SP Nighthawk system using either 16 or 32

processors depending on time requirements. Currently the model is run for 30 simulation

hours. The 2-way nested domains are as follows: the 4 Hawaii counties are run at a 3 km

resolution and are nested by a 9 km Hawaii state domain; the 9 km state domain is nested

by the large 27 km pacific domain.

4. After the run is completed, data is converted into the appropriate format for image

creation by the RIP program. This operation is done in parallel on the interactive nodes

on MHPCC's IBM SP Nighthawk system (running about 6 times faster than sequentially

(45 minutes to less than 8 minutes). GIF images are created at 1-hour increments and

posted to the web page ht_.t!p://www.mhpc_c.edu/p_ojects/wswx/mm5. From these images

animated GIF files are created to show a movie loop of the selected field (Fields include

temperature, wind speed and direction, low-medium-high clouds, relative humidity, and

rainfall).
5. All relevant data is moved into a single dated directory (including the web page images).

To conserve space only 6-hour increment data output from the MM5 run is saved. The
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directory is then tarred up and compressed before it is moved out to MHPCC's mass

storage system, HPSS.

Script control:

RSM uses a variety of scripts to complete the entire operation of running the simulation.

1. The script sendcron.s is initiated as a cron job daily on Tempest.

2. It calls the script run_clean.pl.

3. This script determines what needs to be archived and transfers the data from the local file

system to MHPCC s mass storage system, HPSS.

4. After the data is successfully transferred (and only if successful), it removes the data

from the local file system.

5. The catalog file of successful runs is then updated to include archived data sets.

6. It then calls the script run_ftp.s.

7. This script transfers the necessary data sets from NCEP to the local file system.

8. Finally the AUTORU_.s script is called.

9. This script starts the run_ohana.s script.

10. This prepares and submits the 10 km run to Tempest.

11. The run_island.s script is started for each of the 4 counties.

12. This script delays the submission of the island runs until the 3 hour data has been output
from the 10 km run for initiation.

13. Finally the image processing routines are set to sleep until the data has been output from

the model s runs.

MM5 uses a single PERL script (with subroutines) to complete the entire operation of running

the simulation.

1. The subroutine (tip) determines the latest data set to acquire based on the current date

(although there are control structures in place if you wish to run the simulation for a

historic date). Data is then transferred from NCEP to the local file system.

2. The subroutines (pregrid, regrid, and interpJ) preprocess the data downloaded from

NCEP.

3. When final preprocessing is completed, the subroutine ram5 is executed. This submits the

job to Tempest.

4. The image processing subroutine (web_post) then waits from the model to output its data.

Once completed it then converts the output data in images and animations, which are

posted to the web.

5. Finally data is packed into a single file and archived to MHPCC s mass storage system,
HPSS.

Parallel image processing:
RSM:

The image processing has been removed from the batch jobs because:

1. The job may take a long time before it is started since it is waiting in a queue with other

users

2. The previous script submitted the job waiting for data to be produced (was spending CPU

hours while waiting)

3. The job runs on the interactive nodes (does not incur a charge to the HWCMO project)



4. The job starts immediately when data is produced(sits on a while loop until data is
availableat nocost)

MM5:
Parallel imageprocessingis now implemented.Works in much the sameway asthe above
(operateson interactive(nocharge)nodes)but is parallelizedovernot only thedomainsbut
alsooverthefields. Serialimageprocessingwas45minutes,but theparallelprocessingnow
takesunder8 minutes.

CostAnalysis:
All the countiesusethe samenumberof grid points.However,the run timesarenot thesame,
becausehenyou decreasethe grid spacing,you must alsodecreaseyour time stepin order to
maintain numerical stability. Thus it takes longer for Oahuand Kauai to run for the same
simulationtime at 2 km resolutionasopposedto the shortertime for the 3 for Maui and4 for
Hawaii. Basedon our detailed cost analysisbelow, our suggestionfor continuing routine
forecastswith the presentRSM systemat MHPCCwould be to use1to 4 processorsdepending
on thedomainfor theRSMbecause:

1. Runsstartat 6 pm (well actuallythe ftp downloadbut if we saythey startat 7 pm).If we
want theoutputdatato be readyby 6 amthenextday thenwe have11hoursto play with
to accomplisha48-hourrun (thingswouldchangeif wewanteda 72hour forecast).

2. Sincetheall islandrun completesin 10:20whenrun sequentiallywe maywant to run it
assuchbut this meansthat it takeslonger for the individual countiesto start execution
(still about40 minutes)soif we saythecountyrunshaveto completein 10hoursthenwe
now haveclearrestrictionson the numberof processorswe needto accomplishthis goal
(well really clear if I had2 processorbenchmarks).Clearynoneof the countiescanbe
runsequentiallybasedon thecurrentsequentialbenchmarks.However,4 processorsmay
be too much.We may want to usejust 1 processorfor the all island run and 2 for the
countyruns.Our bestguess(w/o benchmarks)is that thedaily costof theserunswill be
-66-70 CPUhours.If OahuandKauaiarenot comingout fastenoughthen4 processors
maybeneededfor themincreasingthecostto -85 CPUhours.

3. Thecostfor a yearof runswould be25,550- 31,025CPUhoursperyear, if4 processors
wereusedfor OahuandKauai. I.e. If we arecharged$1.5perCPU hour then the cost
wouldbe$38,325-$46,537.

If wewanta48-hourMM5 forecast,thereare2 possiblecoststhat fit the timeframefor thedata
to comeoutby 6 am.

1. If weuse32processors,thenthecostwouldbe 192CPUhoursa dayto becompletedby
midnight - 1 am.Which is a costof 70,080CPUhoursa year (i.e. at $1.5/CPUhour, a
realcostof $105,120).

2. If we use16processors(aswe arenow), thenthe costwouldbeabout 160CPUhoursa
dayby 4:30am,which is a costof 58400CPUhours(i.e.at $1.5/CPUhour,arealcostof
$87,600).



RSM cost analysis:

The single processor cost is the least

[Run RFun Time

Domain i,Time (minutes)i (H:M) t

Ohana_-..............................10:22 ,_-2- ......... ';'

iHawaii-12 i0--8 -_8 ,

¢ ---- -_ [iMaui 12:14 173 i
-[

iOahu 16:14 ,_4-- I

iKauai 16:34 '994 J

but does not produce timely 48-hour forecasts.

1 _v_ [

1 Run Run
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The 4 processor version is a lot more efficient than the single processor case although the total

cost in minutes = 6044; hours = 100.7 is more expensive
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The 16-processor version produces Soiutions quicker but not very efficiently relative to the

sequential version or even the 4-processor version. The total cost is 349.6 hours per forecast.



MM5 cost analysis:
Benchmarks for the MM5 start at 16 processors, as the job cannot be run with less (memory

constraint). Note that the table below is for a 24 hour forecast for the all island run.

--- --Cost -" iParallel "

Processors Time Time (hours, Speedup iEfficienc

(sec.s) (H:M) 16proc.s) i !y
...... |

16 17639 4:54 78.4 -rl.00. 1.00 i
,_ .......................... [

32 10462 12:54 193.0 1.69 0.85 ;

-i 7 ,64 7452 -12:04 ..... '132.5 2.3 0.59 I

1128 5203 1:27 185.0 ,_3.39 --0.42 ',

32 processors seem to be a reasonable choice for the MM5. If we were to go to a 48-hour

forecast it would simply double execution time and the entire forecast would be done in 6 hours.

The runs are currently started at 12 AM so it is feasible to complete a 48-hour forecast by

morning if 32 processors are used. If the runs are started at 6 pm (like RSM) then 16 processors

may be a better alternative for keeping costs down.



Appendix II. RSM/MSM/CVS User Mannual
(web site: http://ecpc.ucsd.edu/projects/RSM/)

1. Introduction

• A new version of the Regional Spectral Model (RSM/CVS) has also been developed to work

within CPC/NCEP's GSM(Global Spectral Model)/CVS.

• The RSM/CVS system is managed by Concurrent Versions System (CVS) and controlled by

configure files and Makefile system.

• The RSM/CVS system is an efficient, stable, state of the art atmospheric model designed for

regional climate research.
• The RSNUCVS has the same structure as the GSM/CVS so that updates of model physics in

the GSM/CVS system can be directly incorporated.

• The RSM/CVS currently works on on IBM-SP, Origin, and Dec-Alpha as January 2001 and

is being tested on other platforms.

• The RSM/CVS has a parallel open-MP capabilty and the speedup is about 300% for 4 CPUs.

• Users can always be in touch with the latest version of the model through CVS system.

2. CVS system

Copy and

[NCEP _ update the code J[Repository

I Develop and
update the code

Model Developers ]

Users

2.1 CVS Installation and Simple Usage

(1) Installation

• First check whether you already have it on your system. Type cvs -h

• If you do not have it, get the source codes from the cvs home page,

ht_!!p://www cvshome.org

(see step-by-step installation guide below)

• Set environmental variable and add the cvs_executable_directory to your path.

For example, add the following fragment to the .cshrc file:

set PATH= ($path cvs_executable__directory)

set.env CVSROOT :pserver:anoncvs@Inx168.ncep.noaa.gov:/usrl/cvs-root/cpscvs



Prior to CVS's installation,thecomputersystemshouldmeetthefollowing requirements:

C compilerinstalled.
Fortran90compilerinstalled.
Adequate disk space.

(2) Step-by-step installation, _uide

Download cvs tarfile:

ftp://ftp, cvshome.org/pub/cvs-l. IO

Download the file cvs- 1.10.tar.gz.

Extract the cvs tar file:

Type 'tar xvfz cvs-1.10, tar. gz'.

Or type 'gunzip cvs-1.10, tar. gz' and 'tar xvf cvs-I, i0. tar'.

Set up configuration:

Change directrory to the cvs-1.10 directory.

Type './configure --prefix=directory_to_ install cvs'.

Install CVS:

Type 'make'.

Type 'make install'.

(3) CVS commands

• login:

Type cvs login (only once),

then just return at the password prompt.

Logged into the cvs server as a user name anoncvs.

The access is read only.

• cvs co modue name:

Copies the directories and files registered under module_name.

• cvs difffile_name:

Show the difference between your file and the file in the repository.

• cvs statusfile_name:

Show the status of thefile_name.

• cvs logfile_name:

Show the detailed log of thefile_name.

• Refer to the web page for more commands.



2.2 Installation of RSM/CVS system

($DISK: working directory)

Installmodellibra_:

mkdir -p $DISK/libs

cd $DISK/libs

cvs co libs rsm

Install model soume code:

mkdir -p $DISK/srcs

cd $DISK/srcs

cvs co src rsm

Inst_lmodel run script:

mkdir -p SDISK/run

cd SDISK/run

cvs co scr rsm

3. Model System Structure

The model is made of 3 main components:

Library (e.g., $DISK/libs):

Contains model libraries, utilities, and constant fields

(e.g., climatological and topography data).

Independent of model resolution but machine dependent.

- Made only once.

Source code (e.g., $DISK/srcs):

- Contains model source code.

- Generates model resolution dependent constants.

- Defines model resolution and options.

- Compiles the code and creates run executables.

• Run scripts (e.g., $DISK/run):

- Runs the model and stores the model outputs.



D

RSM/CVS

Tree

Structure

]- libs/-> ]- con/

l 1-lib/

I ]- etc/

I
I- srcs/->1- src/

[ [- def/

I l" opt/

I l- bin/

I
l" run/-> l- runscr/

[ ]- [output]/

./src/-> albaer/chgr/ cldtune/ cnvaer/ cnvalb/cnvrt/co2/fcst/include/

mpi/mtn/pgb/sfc/sgb/share/rbln/rfcst/rgsm/rinpg/rinpr/

rloc/rmrgsfc/rmtn/rpgb/rsfc/rsgb/rsml/

File name conventions

Source and library related files:

*. F : source with c-processor directives

*.f : source codes after c-processing

*.o: object codes
*.x: executables

*.a: libraries

*.h: includes

*.itu file template

No suffix: makefile, scripts, or constants

*.sh : script
* * files are created after compilatio

Data and constant files:

*.Z : compressed
*.asc : ascii file

*.grib : grib format file

*.ieee : ieee binary (single precision) file

Source code naming and format:

One subroutine per file. File name is the same as the subroutine name.
Lower case for Fortran variables.

Upper case for c-processor variables

Use variables ending with for parameter.

The definitions of the parameter variables appear in the include file, paramode



3.1 SDISK/libs/

• configure-libs: library compilation configuration script

• Nakefile. libs. in & Makefile. rlibs, in : templates for creating

libraries and constants

• ./con/: directory that contains globally shared constants and climatology files

• ./etc/: directory that contains miscellaneous utility files

• ./lib/: directory that specifies library sources

3.1.1 $DISK/libs/con/

(I) Climatology data files

........ F ........

Name ]

iclim.deepsoil.grib.Z 'Deep soil wetness

iclim.glacier.grib.Z iPermanent ice mask (0 or 1)

iclim.ice.grib. Z ' .;Sea lee mask

Mim.matthewaiblgrib.Z 'Mathews albedo -

:iclim.maxice.grib.Z _Maximum sea ice mask

Description _

I

1

clim.sibalbedo.grib.Z iSib Albedo

clim.sibresis.grib.Z Sib plant stoma resistance

clim.sibrough.grib.Z

dim.sibveg.grib.Z

clim.sibvegidx.grib.Z

,clim.snow.grib.Z

-Sib surface roughness

Sib vegetation cover

Sib vegetation type

_:Snow depth

w

a

L !

...2t

!
-i

:clim.soiltype.grib.Z

clim.soilwet.grib.Z

',clim.soilwet,r2.grib.Z

clim ....sst 50-97 grib Z

Soil type
; ................. [

:Sod wetness ..... ..................... !

iSoil wetness from reanalysis II _]

',Sea Surface Temperature -- 1950-1997 climatology ' I
r ...............

iclim.sst.grib.Z

iclim'tg3.grib.Z

rclimlvegfrac.grib.Z
I ,

iclim.vegtype.gnb.Z

idit_-_iy hai bedo. grib.Z

iSea Surface Temperature

Deep soil temperature

Vegetation fraction

'iVegetation type

iAlbedo

--!

m_

, !



ii

(2) Auxiliary constant files

," Name --- -4-....... -....................Description

aerdefb.asc.Z :aerosol concentration _[

" C02 concentration, 348 ppm covering the 490-670

cns_348490670.asc.Z wavenumber range

CO2 concentration, 348 ppm covering the 490-850
:.cns_348490850.asc.Z _wavenumber range

'CO2 concentration, 348 ppm covering the 670-850

icns_348_670850.asc.Z !wavenumber range

. CO2 concentration, 350 ppm covering the 490-670

!cns_350_490670.asc.Z wavenumber range

'.CO2 concentration, 350 ppm covenng the 490-850

:ns_350_490850.asc.Z !wavenumber range

........... _C()-2 Concentration, 350 ppm covermg the 670-850

cns_3 50_670850.asc.Z _twavenumbi_r range, . ... .

gcmo3.asc.Z ]ozone concentration

[o31oss.clim.asc.Z -i .... iozone los-s__isoeffic!en!s

[o3prod clim asc.Z ...... ',dzorie:p_;o-duc_tTdn-&e'['ffcients.... _ "

itop8m_avg.2014.asc.Z iOrography w_th 8 mmutes resolution avei_age

!topSm _max.20i4. a+clZ ........... 10rd'g_/_p_"_]ifi 8iifiniites i-esolution -- maximum

[topSm slm.8011.asc.Z iOrography w!th 8 minutes resolution -- land-sea mask

!topSm_var.20i4.asc.Z ,Orography with 8 minutes resolution -- variance
• I

'tune.t42118.ammp.ewmrg.asc.Z Cloud tuning table based on T42 L 18 amip runs
- ! I

tune.t62128.reanl.ewmrg.asc.Z Cloud tuning table based on T62 L28 reanalysis
' 1
',Cloud tuning table where eastern and western tables are I

tunel .asc.Z _combined

Operational MRF cloud tuning table based on Mar-Dec
tune 1.mardec95_vvsyn.asc.Z i1995 data

islmsklxl.asc.Z - Isea land mask in ascii format

[s_imskl---x-l_ieee.Z- ...... [seaiand mask in ieec format



(3) Filesfor casestudyandtestrun

i Name Description

--- r% .... ; ticlim.sibresis.old.grib.Z :.Slb plant stoma reststanee
T

:.-clim.soilwetcpc.grib.Z isoil wetness

imdlv I e.asc.Z imodel level

isfcan190030900.asc.Z ;surace analysis a)r the 00Z, 03/09/1990 case
: ..... _.o_. ............................

_siganlg0030900.asc.Z iSigma analysis for the 00Z, 03/09/1990 case

isnowanl.781201 .grib.Z !Snow analysis Nr the 12/01/1978 case

isstanl.900309.grib.Z iSea surface temperature from reanalysis

;sia1_i-19003 i O.grib.Z _-[Sea surface temperature from reanalysis
,- ......... w ........ 7 ...... I-_-_ "_-'r _ 7 ?v: : :----

.,sstanl.90031 l.gnb.Z ]Sea surface temperature from reanaly_sls_ ......

3.1.2 $DISKflibs/etc/

(1) Scripts_grib manipulator

i Name i Description :i

!gmaap igrmap script-main driver

'_a-psub ,[grmap sub script il

igrmean iGrlb mean Utility script '_]

_grsplit Gnb file sphttmg uhhty script

grtran !Grib file transpose utility script'
, i

(2) Scripts_templates

Name ..... i Description

!chgdates.in _script_-.........................that changes date of=sig-ma and sic files
[

:cray2ie3.in

'date.in

'fhour.in

iibm2ie3.in

_ ,Script that converts ieee sst files to grib format!,ieee2grb sst.in _ :

iincdte.in Script that increments date
l

_T........... ; i .

'jnchour.m; ,Script that increments hour

'Cray binary to ieee fb_at Converter

_script that prints date fro_msi--gma and sfc files ..............
!

Script that prints forecast hour from sigma and sfc files

;cos blocked ibm fonnat to ieee converter
1

I



r_

(3) Scripts_miscellaneous

- Name-t; " iDescription

getfilc isenpt that handles GRADS % format input

iJd Iscript that Computes Julian day _

_mkdef iScan program for xxx and put define at the beginning

i i i .... lScan orolzrarn that searci_es inclu:_te_useci::[n'ihepr0gram_andadd dependency
imzuep :. - - " ......
J " jhnes at the end of Makefile file

mpiset Iscript that handles mpi setting

jnrncdate iscnpt that creates nmcdate file for given dates

irenam [script thatrenames muitipietales

.1
i

..... --A

(4) Tables

! Name ....... 1 .... Description
[................. ± .......... , ........

I . , , *; . •

igibl 2kpds5_vsn2i !GRIB field identification table (reanalyses version)

igrib 1.kp_s_ivsn22 !(}RIB fi-ei-d-_i-eli-i_-[fication table (extended version) .......
I •
ignbl.kpds6.vsn21 IGRIB field level ldent!ficatlon table :-

[PcntadS ..... iT abie 0_ peniad_ starting _and ending dates -I
,l

(5) Util directories

i Name _ Description

i iDlrectory that contains gnnap, grmean, grsplit, grtan, ibm2ie3 and cray2ie3

_iutil xxx !source codes, xxx (machine) = cray, dec, hp, ibmsp, linux, origin, sgi, sun, t3e,
_ - It90

utils

-i

-I

1 ,

]Directory that contains chgdates, date, ifdef, ieee2grib, incdtc, inchour, mpiset, ,

,force_grib_date_mon source codes



3.1.3 $DlSK/libs/lib/=>l-/w31ib_xxx/

I-/modelib/

l-/ncaru/

(1) ./w31ib_xxx /

a) Table 1 -- subprograms needed for all machines

i Name i Description

!aea.f isubroutine that converts ASCII to/from EBCDIC

.baread.f isubroutine that extracts fragments of bytes from an unblocked file

-i
I

--1

!

!
I

i • t .... -i.... . • t
idatmax.f ,subroutme that provtdes date and tune mformahon [

-!

igbytes.f subroutine that unpacks bits to get bytes ......... !

'getgbss.f -subroutine that finds a grib message ]

iget:gir.f subroutine that reads a grib file and returns its index contents i

Iw3jdn.f- subror---u-iine- that co-mputes Julian day

ilw3pds.f subroutine that tests whether twopdsi(grib product definition section) are I
. equal .................... i

............

_xgb.f subroutine that makes ihdexreCord ...... _........ _d

!pdsens.f '_uubroutine that packs grib p-dsextens{on stariing b)ie i_l and above l
.... t

- :subroutine that unpacks grib pds e xtensionn_a_ng_on byte 41 fi, r ensemble ._t

 pd eupf?or castproducts ....................: ..............................-I
{rdgb.f !subroutine that reads grib message(check! t) ]

_-skgb.( ,sUu-u_-ro_ii_ethat _ for next grib message .......... _.............-1

unpmdx.f subroutine that unpacks a grib index buffer

iW3fiOl .f ;subroutine that determines the number Of bytes in a full word
-[

W3fi04. f :subroutine that finds word size, endian type, and chacater set

.... :subroutine that unpacks a grib field to the exact grid specified in the grib
w 3 fio._.r,

! 'message

iW3fi83.f

W3fpl l.f
J
_.W3fs26.f

!xmovex.f

.....,1

F"_ ............ i

'subroutine that restores delta packed data to original values

isubroutme that converts pds to one-line grib title

lbroutine that computes year, month, day, day of week, day of year from

'Julian day number

isubroutine that prints operational job identifier

',subroutine that removes data



b) Table2 -- subprogramsneededfor theparticularmachine(s)

i Name [ Description

10gbyte.f iFortran version of gbyte.f for Sun Sparcstation [ Machine(s) !l
1,sun only

!iOgbytes.f 'Fortran version of gbytes.f for Sun Sparcstation !sun 0nly
• -- V__ , F_ .......

of sbyte Sparcstation':Osbyte.f Tortran version .f for Sun :sun only

!Osbytes.f 'Fortran version of sbytesY for Sun Sparcstation isun only

il sbyte.f

I | " "" .... =" "" f!1sbytes.f ;subroutine tha i employs i sbyte, to pack character

[2gbyte.f iFortran version of gbyte.f f;orSun Sparcstation

!2gbytes.f Fortran version of gbytes.f for Sun Sparcstatlon

12sbyte.f 'Fortran version of sbyte.f for Sun Sparcstation

!2sbytes.f

iassign.f
i

| " . ........ |--

;subroutine that packs integer to character hp and sun

.........................................

'Fortran version of sbytes.f for Sun Sparcstation

!a dummy subroutine

'subroutine that opens a file to be accessed by baread

._pand sun

' I
'.sun only .1

1sunonly i
/ -- i

',sun only _l

, !'sun only

,_all except for cray ,

:all except for hp and i
baopen.f

icdate.c
i

icdate2.c
t

icompallg.sh

icompw3.sh
I

[ • ............................. " _1

',or bawnte !sun -_l

subroutine that constructs month, day, and year 'hp and ibmsp ....... i

!subroutine that constructs month, day, and year iibmsp only 1

..................... 7 .............................. ....... I " - . ]

'script that compiles subroutines in the w31ib.a ',sun only
ilibrary ........... ],

•script that provides Fortran compher option for isun only :
_w31ib .iii i .i i i I<,

iigbyte.f _subroutine that empioys'gl_yies.:f to getbyteS all except for cray "
......... _o. ; .... J

•sbyte.f Subroutine that packs integer into character fail except for hp _]

!sbytes.f !;subroutine that employs sbyte.fto pack character all except for hp

;.swap32.f -'',subroutine that reverses order Of bytes :dec and linux

iunder.c -VssU_ne_at -che-ci_s--fl-c_ating point

'subroutine that packs positive differences in least

iorigin, t3e, and t90
I

icray, t3e, and t90
I

[

cray, t3e, and tgo

iw3fi58.f ,
bits

:!w3fi59.f isubroutine that forms and packs positive, sealed
. differences

w3fi68.f isubroutine that converts 25 word array to grib pds cray, t3e, and t90

w3fi7 I.f '.subroutine that make array used by grib packer :cray, t3e, and t90

'w3fi72.f subroutin-i_ {h_it makesacdmpletegiqb message :cray, t3e, and t90
-,2.1

............ - ..... =-== ............. -=:-:-: =_-- t3e,._w3fi73.f 'subroutine that constructs grib bit map section :cray, and t90

'w3fi74.f subroutine that constructs grib definition section !cray, t3e, and t90

w3fi75.f ......... ,[subroutine that packs a grib field and forms octets _.cray, t3e, and t90



_w3fi76.f isubroutinethatconvertsfloatingpoint number

iw3fi8Zf !subroutinethatconvertsarrayto seconddifferences

-:subroutinetii-atpacks positive differences in least
iw3pack.f bits

]w3ft33.f isubroutine that thickens thinned Wafs _b grid
r .........

ixstore.f 'subroutine that stores a constant value into array

icray, Be, and tg0 _1

icray, t3e, and tgo [
'all, except for cray. Iit3e, and t90

'jbmsp

J_cray, t3e, and t90

(2) ./ncaru=>]-Iib/

[-utils/

(a) ./ncaru/lib

Name " Description _!,

CVS ICVS administrative directory _ ]

Makefile.in -,_Mak-efile template for building libncaru.a __[

_C routine covering various user entry points:cray.c , .

;_cray.h "file containing definitions for cray dataset routines and possible operations ::'

:ctodpf.c 'C routine that converts Cray to IEEE double precision

:ctosp.c 'C routine that converts Cray to IEEE single precision 7
2.

idptocf.c 'C, routine that converts IEEE double precision (floating) to Cray

'.dptoci.c '.C routine that converts iEEE double precision (integer) to Cray :.

Spt_oc.c _C routine that converts IEEE single precision to Cray

(b) ./ncaru/utils

: Name i Description

CVS _CVS administrative directory

;Makefile.in Nakefi-l_empiate-for building the utilities

_eosconvert.c IC routine that strips Cray blocking from a file

I
I
i

: __4

l

t

coshle.c C routine that examines a blocked file and reports record size

icossplit.c _C routine ihai splits a multiple Cray blocked dataset into separate files



(3) ./modelib:containsmodel librarysource

i Name-i ........... Description

°:bsslzl.f _subroutinethatcomputeslatitudepointsby iteration

_t'ft99m.f :subroutinethatperformsfastFouriertransform

!fiitc0-ol_.f- Isubroutinethatcomputescoefficientsfor time smoothing

!gaulat.f subroutinethatcomputesGaussianlatitudesfrom agiventruncation

igl2gl.f subroutinethatinterpolatesfrom gaussiangrid to othergaussiangrid

glats.f ]subroutinethatcomputesGaussianlatitudesrelatedarraies

igrmget.f ]subroutinethatsearchesmu!tjple grib files from matchingmultiple fieldsand
]retrievethefields

!
_1

subroutine that searches multiple grib files from matching multiple fields and ,

igrmgeta.t ,!retrieve theftel_dS. .......... . 7t;gnngetb.f -subroutine that searches multiple grib files from matching multiple fields and
:retrieve the fields

gnnput.f isubroutine that creates a grib record from a full field 'l

gspc.f _subroutine that computes U](ii_i:y'spectra] fie|ds

igtbits.f ;subroutine that computes number of bits and round field

Idsdef.f isubroutme that set s default decimal scaling for grib message

_"" f ! b " th "'lmlrlv. su routine at inverts a matrix
i

incdte.f subroutine that computes year, month,day, and hour of forecast

maxmin.f '-subroutine that prints max{mUm a-ndminimum values and locations of a given Jl
;array -i
z . i

parzen.f isubroutlne that computes parzen window weight =,

pder.f !sub ro utine }hat compui_esle;gendre igoi_¢nbmials dcrivatlves .... -7!
1

pleg.f isubroutine that computes legendre polynomials

poly.f subroutine that computes latitude points by iteration i

innaxmin f :subroutine that prints maximum and minimum of a given array

Isubroutine that transfers from one defined sigma coordinate to another sigma
Sg2sg.f -coordinate
!

:'tridi2.f !subroutine that solves tridiagonal matrix problems

trispl.f subroutine tha(caicuiates welghts for cubic Spiine interpolation i

' rsubroutine that calculates interpolated values of function using weights . I

ivalts.f calculated by trispl i
i .....

•wryte.f I,subrouti_e_t-ia-at writes data out by bytes i

iysminv.f Isubroutine that computes inverse of matrix ii i



3.2 SDISK/srcs/

• configure-model: source code compilation configuration script

• Makefile. rsm. in : template for creating executables

• ./def/: directory that defines parameters and constants depending on model

resolution, model options, and machine types.

• ./opt/: directory that contains model compiler options for various machine types.

• ./src/: directory that contains model source code.

• ./bin/: directory that contains model executables. The bin directory is generated

after compilation of the code.

3.2.1 $DISK/srcs/def/

function.h: define machine dependent statement

Directories with varying model resolution: specifies model options and

resolution-dependent paramaters and constants

Directories for a range of GSM and RSM model resolution

: " _ riptio• Name _ Desc n
=

- _GSM with:Ti26 truncation and 28 levels!Gsm12628

iGsm17042 _GSM with TI70 truncation and 42 levels

Gsm32042 [GSM with T320 truncation and 42 levels

Gsm4218 ,GSM with T.42_:tr_ncation and i 8 level s

]
!
i
i

l

Gsm4228

Gsm6228

Rsm4218r5455

iRsm6228r10869

Rsm6228r12885

Rsm6228r162105

........... ,!GSM with T42 truncation and 28 levels

GSM with T62 truncation and 28 levels .I

RSM with 54x55 grids using T42LI8 GSM base

'RSM with 108x69 grids using T62L28 GSM base ]
........................ i

'RSM with 128x85 grids using T62L28 GSM base .... i
I

'RSM with 162x105 grids using T62L28 GSM base ,,

Each directory contains:

• de fine. h: defines resolution-dependent parameters and model options

• modl s igs. h: defines model levels

• postplevs, h: defines pressure levels

• Users can always create a separate directory depending on user-specified model
resolution



3.2.2$DISK/srcs/opt/

• Contains files that specify compiler options.

• The naming convention for these files is options-MACHINE-MARCH, where

MACHINE and MARCH are machine type and machine functionality, respectively.

Table for current status of RSM compiler options as of January 2001.

" ' " f -f ...... A H'. . MARCH,MARCH MARCH M RC
MACHINE' . .... '' " h "ri" i

[ =stogie =mreaa _ =mpt = yo a 1
• : 7 __

eg0 ] yes [ yes 1 No no ]

cray ]yes [---yes- .......! NO no [

.F..... V- t

dcc ] yes . -no  io- no ,
hp ,[_yes '_ no ,, No no

F

i ibmsp [ yes [ yes ! No , no

' [ nolinux [ yes , no

: origin [ yes--;[- ...........yes ] No no
.... 4 - -i ....
: sgi [ yes V No No no

: sun _ yes - No ! No ; no

t3e i yes i No [ No i no

] t90 [ 'Yes _ [-yes " [ .........n-o- .........]..... n_
T=........

3.2.3 $DISK/srcs/src/

1) Directories for both GSM and RSM

• /albaer/: contains Yutai's albedo interpolation program sources

• /chgdates/: contains program sources for changing the date of sig/sfc files

• ./chgr/: contains resolution change sources

• ./cldtune/: contains cloud tuning program sources

• ./cnvaer/: contains program sources for processing aerosol data

• ./cnvalb/: contains program sources for processing albedo data

• ./cnvrt/: contains program sources that convert sig/sfc files to native format

• ./co2/: contains C02 vertical interpolation sources

• ./fcst/: contains program sources for model dynamics, physics, and I/0



• ./include/:containsincludefiles (*.h) for constantparametersandcommonblocks

• ./mpi/:containsapackagelinking modelandMPI systemlibrary

• ./mtn/:containsglobalmodelorographyprogarmsources

• ./sfc/:containsinterpolationandmergeprogramsourcesfor surfacefields,
mergingof seasonallyvaryingclimatologicaldata,observedanalysisdata,and
GSMforecastedsurfacefieldseveryspecifiedinterval (e.g.,24hours)

• ./share/:containsmodelshareprogramsources

2) Directories only for GSM

• ./pgb/: contains gribbing program sources at pressure levels

• ./sgb/: contains gribbing program sources at sigma levels

3) Directories only for RSM

• ./rfcst/(rfcst.x): contains main program source driving RSM forecast.

• ./rgsm/(rgsm.a): contains model physics routines, which are linked directly to

./fcst/directory

• ./rinpg/(rinpg.x): contains interpolation program sources from global to regional

grid or from coarse regional to fine regional grid

• ./rmrgsfc/(rmrgsfc.x): contains merge program sources for regional surface fields

(merge RSM forecasted surface fields with ones interpolated from global to

regional grid)

• ./rmtn/(rmtn.x): contains program sources for obtaining regional topography and

its variance

• ./rpgb/(rpgb.x): contains gribbing program sources at pressure levels in regional

grid

• ./rsfc/(rsfc.x): contains interpolation and merge program sources for surface

fields copied directly from ./sfc/directory, merging of seasonally varying

climatological data, observed analysis data, and RSM forecasted surface fields

every specified interval (e.g., 24 hours)

• ./rsgb/(rsgb.x): contains gribbing program sources at sigma levels in regional grid

• ./rsml/(rsm.a): contains program sources for RSM model dynamics and I/O



3.3 $DISK/run/

• configure-scr: run scripts configuration script

• rsm. in : template for main run script

• ./runscr/: directory that contains various run scripts called by the main run script

(rsm. in).

3.3.1 $DISK/run/runscr

Run script templates
................................ i

i Name : Descri_on ...........

.:chgdates.in ichange date

!chgr.in ichange resolution
........ i

[cnv4dig.in convert 2-digit year to 4-digit year _
- i

[cnvrt.m _convert input file from original to native format

[fcst.i----n:_ iexecufe gl0b/il forecast .............. i: ' ........ _i.,

!pgb:in 'generateGsM grlb f0ini/if6iifi/ut at pressure levels _i

: - _..... : imerge of seasonally varying climatological data, observed analysis data_!
sfc.in inn d! ..... , GSM forecasted surface fields _i!:_

!rfcst.m egiona forecast _L

]rinpg.in !execute interp0iation_program fro m global to regional grid

rmtn.in

rpgb.in

irsfc.in

rsfcm.in

'obtain topography data and its Variance

!generate RSM grib format output at pressure levels

_merge of seasonally varying climatological data, observed analysis data, I

'and RSM forecasted surface fields

interpolate global surface field to regional grid and merge with regional _

forecast {surface field j



4. Model Integration Road Map

($DISK/srcs/src/)

Blue: directory
Green: subroutine

Initialization

• rgetcon (rfcst)

• rsmini (rsml)

• tread (rgsm)

Time integration

• rsmsmf (rsml)

Save output

• rsmsav (rsml)

Increment hour (e.g., 6 hours) of

global boundary forcing

4.1 Initialization

rgetcon (rfcst):

• set modelintegration constants

• set table for model physics

rsmini (rsml):

• set more constants beyond rgetcon

• rsminp (rsml)

- read global base field

gsm2bgd (rsml): transform spectral

global input field to regional grid

stead (rsm.l): read regional sigma field

to obtain regional perturbation
in wave coefficients

• rfixio (rsml): read regional surface fields

tread (rgsm): read next global base field



4.2 Time integration

rsmltb (rmsl): compute base field tendency

rloopr (rmsl): compute radiation fluxes

rloopa (rmsl): compute total tendency tendency

rsicdif (rmsl): semi-implicit integration

rlatbnd (rmsl): update base field and its tendency

rupdatc (rmsl): update perturbation

rloopd (rmsl): local wind speed damping

rdeldif (rmsl): horizontal diffusion

I rfiltl (rmsl): time filter step 1

] rloopl_ (rmsl): model physics computation

rfilt2 (rmsl): time filter step 2

I

I

I

I

I

I

Increment of

model time step

(e.g., dt=-360 sec)



4.3 Save output

I swritc (rmsl): output regional sigma file (r_sigft.ftxx)

I rloopz (rmsl) [call nvrtsfc(rsml)]: output regional flux file (r_flx.ftxx)

rfixio (rmsl): output regional surface file (r_sfcft.ftxx)

5. Model I0

5.1 I0 file types:

1) binary format files (8 bytes for float-point number, 4 bytes for integer number)

• sigma file (r_sig*): contains prognostic fields on model _(-P/Ps)-level

• surface file (r_sfc*): contains fields besides the sigma file most of which are

surface fields

• flux file (r_fix*): contains diagnostic fields

2) grib format files

• rpgb* [rpgbl (rpgb), gribit(share)]: grib files on pressure surface created from the

sigma and flux binary files

• r_sgb*: grib files on pressure surface created from the sigma and flux binary files

5.2 I0 variables

1) sigma file variables

• wave coefficients for global base data

• grid values for regional forecast output

gz

q

te

di or

UU

ze or

VV

rq

surface height (m)

In (Ps) in centibar

(Ps: surface pressure)

virtual temperature (K)

divergence (s-I)

x-axis wind (m/s)

vorticity (s-I)

y-axis wind (m/s)

specific humidity

or waters (g/g)
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2) surface file variables

*: predicted or estimated, the others are from climatology, observation, reanalysis,

or global forecast

tsea*

smc*

sheleg*

stc*

tg3

zorl*

cv*

cvb*

cvt*

albed

slmsk

vfrac

hprime

canopy*

fl0m

vtype

stype

facalf

ustar*

fm*

fh*

surface temperature (K) [* over land]

soil moisture content (fraction)

smc(*,l): mean from 0 to -100mm

smc(*,2): mean from -I00 to -2000mm

snow depth (mm)

soil temperature (K)

stc(*,l) : mean from 0 to -100ram

stc(*,2) : mean from-i00 to -2000ram

deep soil temperature (K)

mean from -2000mm to -4000mm

surface roughness (nun) [* over ocean]

cloud cover

cloud base height

cloud top height

surface albedo (fraction, 4 types)

sea land and sea ice mask (0=sea, l=land, 2=sea ice)

vegetation cover (fraction)

mountain variance

surface canopy water content

factor for i0 m wind (only used by data assimilation)

vegetation type (13)

soil type (9)

zeneith angle dependent vegetation fraction

surface friction velocity

integrated profile function for momentum

in the surface layer

integrated profile function for heat and

moisture in the surface layer

Update of surface fields

Non-predicted surface fields are updated every user specified interval (e.g., 24hr) from

(1) climatology or observation, or

(2) reanalysis or global forecast data

(1) $DISK/srcs/src/rsfc/

] clima: read climatological data

I surface:majorroutine I [ analy: read °bserved analysisdata"

rgsrd: read regional forecastedoutput

/

interpolation J rgswrt: write

merging [ updatedsurface fields



(2) $DISK/srcs/src/

s2rinp (./rsml/) called by reginp

(./rinpg/): read global or reanalysis

surface fields and interpolate them

into regional grids

3) flux file variables

mrgsfc (./rmrgsfc/): read

interpolated surface fields and

regional forecasted output, then

merge together

dusfc

dvsfc

dtsfc

dqsfc

tsea

smc

smc

stc

stc

sheleg

dlwsfc

ulwsfc

ulwtoa

uswtoa

uswsfc

dswsfc

tcdchcl

preshct

preshcb

tmphct

tcdcmcl

presmct

presmcb

tmpmct

tcdclcl

preslct

preslcb

tmplct

geshem

bengsh

gflux

slmsep

slmsep

ulO

vlO

t2

q2

mean u momentum flux at surface

mean v momentum flux at surface

mean sensiable heat flux at surface

mean latent heat flux at surface

surface temperature

first soil layer moisture content

second soil layer moisture content

first soil layer temperature

second soil layer temperature

water equivalent snow depth

mean downward longwave radiation at surface

mean upward longwave radiation at surface

mean upward long wave radiation at top atmosphere

mean upward solar radiation at top atmosphere

mean upward solar radiation at surface

mean downward solar radiation at surface

mean total cloud cover for high cloud

pressure of cloud top for high cloud

pressure of cloud base for high cloud

temperature of cloud top for high cloud

mean total cloud cover for middle cloud

pressure of cloud top for middle cloud

pressure of cloud base for middle cloud

temperature of cloud top for middle cloud

mean total cloud cover for low cloud

pressure of cloud top for low cloud

pressure of cloud base for low cloud

temperature of cloud top for low cloud

mean total precipitation

mean convective precipitation

mean total ground flux

mask for sea and land

mask for sea ice

I0 m u wind

I0 m v wind

2 m temperature

2 m specific humidity



psurf
tmpmax
tmpmin
runoff
ep
cldwrk
dugwd
dvgwd
hpbl
pwat
albed
tcldc

ground surface pressure
maximum of T2 during the

minimum of T2 during the

water runoff

mean surface evaporation

mean cloud work function

mean gravity-wave drag

mean gravity-wave drag

height of PBL

precipitable water

albedo

total cloud cover

integration

integration

flux for u

flux for v

period

period

5.3 GRADS plotting grib output

• Install GRADS graphic package

• Set path to $DISK/libs/etc/in .cshrc or .profile

• Type gnnap [grib file name (r_pgb*)], which generates GRADS control file

(*.ctl)

• Type

gribmap --i [control file name (*.ctl)]

(gribmap -o: ignore the forecast time

in the mapping; only use the base time)

• On GRADS mode (by typing grads ),

type open [control file name (*. ctl)]

• Plot model output fields by typing

d [variable name]

An example of GRADS control file (r oab.ctl)

dset

dtype

index

undef

title

pdef

xdef

ydef

zdef

/rsm/run/r_OOO/r_pgb.ft24

grib

/rsm/run/r_000/r_pgb.ft24.r_pprs.idx

-9.99E+33

EXP

109 70 nps 53.999 224.000

1200 linear .000 .300

201 linear 29.000 .300

12 levels

i000 925 850

150 i00

tdef 1 linear

vars 72

HGTprs 12

-93.000 30.000

700 600 500 400 300 250 200

12ZlSMAYI995 24hr

7,100,0 Geopotential height (gpm)



UGRDprs
VGRDprs
TMPprs
VVEL
RHprs
ABSV
PRESsfc
PTEND
PWAT
RHclm
TMPtrp
PREStrp
UGRDtrp
VGRDtrp
VSSH
LFTX
4LFTX
TMPmwl
PRESmwl
UGRDmwl
VGRDmwl
HGTsfc
PRMSL
UFLX

VFLX

SHTFL
LHTFL
TMPsfc
WEASD

DLWRF

ULWRFsfc

ULWRFtoa

USWRFtoa
USWRFsfc
DSWRF
TCDChcl
PREShct
PREShcb
TMPhct
TCDCmcl
PRESmct

12 33,100,0 u wind (m/s)
12 34,100,0 v wind (m/s)
12 Ii,I00,0 Temperature (K)
12 39,100,0 Pressure vertical velocity (Pa/s)
12 52,100,0 Relative humidity (percent)
12 41,100,0 Absolute vorticity (/s)

0 i,i,0 Pressure (Pa)
0 3,1,0 Pressure tendency (Pa/s)
0 54,200,0 Precipitable water (kg/m**2)
0 52,200,0 Relative humidity (percent)
0 11,7,0 Temperature (K)
0 1,7,0 Pressure (Pa)
0 33,7,0 u wind (m/s)
0 34,7,0 v wind (m/s)
0 136,7,0 Vertical speed shear (i/s)
0 131,1,0 Surface lifted index
0 132,1,0 Best (4-1ayer) lifted index
0 11,6,0 Temperature (K)
0 1,6,0 Pressure (Pa)
0 33, 6,0 u wind (m/s)
0 34,6,0 v wind (m/s)
0 7,1,0 Geopotential height (gpm)
0 2,102,0 Pressure reduced to MSL (Pa)
0 124,1,0 Zonal component of momentum flux

(N/m**2)
0 125,1,0 Meridional component of momentum flux

(N/m**2)
0 122,1,0 Sensible heat flux (W/m**2)
0 121,1,0 Latent heat flux (W/m**2)
0 II,I,0 Temperature (K)
0 65,1,0 Water equiv, of accum, snow depth

(kg/m**2)
0 205,1,0 Downward long wave radiation flux

(W/m**2)
0 212,1,0 Upward long wave radiation flux

(W/m**2)
0 212,8,0 Upward long wave radiation flux

(W/m**2)
0 211,8,0 Upward solar radiation flux (W/m**2)
0 211,1,0 Upward solar radiation flux (W/m**2)
0 204,1,0 Downward solar radiation flux (W/m**2)
0 71,234,0 Total cloud cover (percent)
0 1,233,0 Pressure (Pa)
0 1,232,0 Pressure (Pa)
0 11,233,0 Temperature (K)
0 71,224,0 Total cloud cover (percent)
0 1,223,0 Pressure (Pa)



PRESmcb
TMPmct
TCDClcl
PRESIct
PRESIcb
TMPIct
PRATE
CPRAT

GFLUX
LAND
ICEC

UGRDhag
VGRDhag
TMPhag
SPFH
SFCR
TMAX
TMIN
RUNOF
PEVPR
CWORK
UGWD
VGWD

HPBL
ALBDO
TCDCclm
CDCON
SRWEQ

SNOEV
SNOHF
endvars

0 1,222,0 Pressure (Pa
0 11,223,0 Temperature (K)
0 71,214,0 Total cloud cover (percent)
0 1,213,0 Pressure (Pa
0 1,212,0 Pressure (Pa
0 11,213,0 Temperature (K)
0 59,1,0 Precipitation rate (kg/m**2/s)
0 214,1,0 Convective precipitation rate

(kg/m**2/s)
0 155,1,0 Ground heat flux (W/m**2)
0 81,1,0 Land-sea mask (l=land; 0=sea) (integer)
0 91,1,0 Ice concentration (ice=l; no ice=0)

(I/0)
0 33,105,0 u wind (m/s)
0 34,105,0 v wind (m/s)
0 ii,105,0 Temperature (K)
0 51,105,0 Specific humidity (kg/kg)
0 83,1,0 Surface roughness (m)
0 15,105,0 Maximum temperature (K)
0 16,105,0 Minimum temperature (K)
0 90,1,0 Runoff (kg/m**2)
0 145,1,0 Potential evaporation rate (w/m**/)
0 146,200,0 Cloud work function (J/Kg)
0 147,1,0 Zonal gravity wave stress (N/m**2)
0 148,1,0 Meridional gravity wave stress

(N/m**2)
0 221,1,0 PBL height (m)
0 84,1,0 Albedo (percent)
0 71,200,0 Total cloud cover (percent)
0 72,200,0 Convective cloud cover (percent)
0 64,200,0 Snowfall rate water equivalent

(kg/m**2/s)
0 230,200,0 Snow sublimation heat fulx (W/m**2)
0 229,200,0 Snow melt heat flux (W/m**2)



6. Setting-up Experiment and Model Run Procedure

6.1 Make model library

cd $DISK/libs

edit configure-libs and set

MA CHINE=Jsgi/origin/ibmsp/sun/dec/hp/cray/t90/t3e/linux]

type configurc-libs

type make

6.2 Compile model source code

cd $DISK/srcs

edit configure-model and set

CPSLIBS_DIR, MODEL, MODEL_DEFINE, MARCH, NCPUS, NPES

modify define.h in $DISK/srcs/def/rsm$$$$r####/

type configure-model

type make'

Setting parameters in configure-model

CPSLIBS DIR=$DISK/Iibs/ :directory name that contains model library

MODEL=rsm :model type

MODEL_DEFINE='pwd'/def/${MODEL}6228r9669

:directory name that contains model configuration such as model

resolution, constant parameters, and model options

rsm$$$$r####:

$$$$=global base field resolution

####=regional grid resolution

rsm6228r9669: experiment with T62L28 global base field and 96x69

regional grid resolution

MARCH=thread :machine cpu usage type (single/mpi/thread/hybrid)

NCPUS=4 :number of cpus or threads (when MARCH != single)

NPES=I :number of pes or nodes (when MARCH=mpi or hybrid)
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SDISK/srcs/def/definc.h

#include <machine.h>

#define _jcap_ 62

#define levs 28

#define ionf 192

#define _latg_ 94

#define 1soil 2

#define lalbd 4

#define mtnres 8

#define ntrac 1

#define=ncldg_ 0

#define_nstype_ 9

#define _nvtype_ 13

#define NEWSFC

#undef NEW EDIR

#undef NEWGWD

#undef RAD SMOOTH CLOUD

#undef REDUCE GRID

#undef SKIPSFCMRG

#undef CLDADJ

#under RADMDC

#undef CLDSLINGO

#undef FX

#undef DBG

#undef DG

#undef DGZ

#undef DG3

#undef DGM

#undef KEN

#undef CLR

#undef SIB

#undef WAV

#define SAS

#undef RAS

#undef RASV2

#undef CCMCNV

#undef CCMSCV

#undef DFI

#define SFC

#under LNEWSFC

#define nvect 64

#define _ipnt_ 30

#define _itstp_ 42
#define slvark 80

#define mlvark 8

#define _igrd_ 96

#define _jgrd_ 69

#define levr 28

#define _cigrdl_ 192

#define _cjgrdl_ 94

#define relx 5

#define border 3

#define=bgf_ 3--

#define difuh 3.

#define difum 2.

#define lonssi 256

#define maxlev 200000

#define _maxrep_ 40000

#define_maxcyl_ 25000

#define_maxpak_ 5000

#define_nqc_ 4

#define nmx 64

#define--n 50

#define ntdata 25000

#define nsdata 5000

#deflne--nwdata-- 25000

#define=npdata= 5000

#define _nqdata_ 15000

#define _npwdat_ 1

#define _nsprof_ 2000

#define _nsigdivt_ 28

#define _jcapdivt_ 62

#define _jcapstat_ 62

#define nmdszh 28

#define _nsigsat_ 28
#define ilonf 192

#define =ilat C 94

#define _ijcap_ 62
#define ilevs 28

#define io 144

#define _jo_ 73
#define ko 12

#define kt 6

#define ktt 1

#define kzz 1

#define moo 1

#define _igrdp_ 1

#define _jgrdp_ 1

#if (nstype_ == 16)
#define NEWSFC

#define NEW EDIR

#define STATSGO SOIL

#endif

#if (_ncldg_ == 0)
#undef ICE

#under ICECLOUD

#else

#define ICE

#define ICECLOUD

#endif

#if (_ncldg_ == i)

#define CLD2

#endif

#undef NEWALB

#ifdef NEWSFC

#define NEWALB

#endif

#define INTERACTIVE STRATUS

#if (_ncldg_ == 0)

#undef INTERACTIVE STRATUS

#endif

#ifdefNEWGWD

#define mtnvar 10

#else

#define mtnvar 1

#endif

#undef LFM

#undef LFC

#define RSM

#define SQK

#undef SPT

#define G2R

#undef C2R

#undef NOPRINT

#undefMP



Defining constant parameters

jcap 62

levs 28

lonf 192

latg 94

isoil 2

lalbd 4

mtnres 8

ncldg 0

nstype 9

: global truncated wave number

: number of global vertical sigma levels

: number of global E-W Gaussian grids

: number of global N-S Gaussian grids

(relationship between jcap and lonf and latg:

lonf _ 3*jcap+l,latg k (3*jcap+l)/2)

: number of soil layers

: number of albedo types

: topography resolution in minute (8min~15km)

: number of prognostic cloud species

(cloud water/ice, rain/snow)

: number of soil types

nvtype 13 : number of vegetation types

igrd 96 : number of regional x-axis grids

(should be a product of integer powers of 2,3,5)

jgrd 69 : number of regional y-axis grids

(should be an odd number)

levr 28 : number of regional vertical sigma levels

cigrdl 192: number of coarse regional x-axis grids

cjgrdl 94 : number of coarse regional y-axis grids

relx 5 : lateral boundary relaxation

parameter in terms of number of time steps

(relx*At = 1800-3000 sec recommended,

larger number implies less relaxation)

border 3 : interpolation order (3: cubic)

bgf 3 : interpolation parameter (bgf*_x should be

approximately equal to or less than base field

grid size)

difuh 3 : numerical diffusion parameter for temperature and

moisture in terms of number of time steps

(larger number implies less diffusion)

difum 2 : numerical diffusion parameter for momentum

in terms of number of time steps

(larger number implies less diffusion)

ilonf 192 : number of E-W Gaussian grids in global input data

ilatg 94 : number of E-W Gaussian grids in global input data

ijcap 62 : truncated wave number in global input data

ilevs 28 : number of vertical siama levels in ulobal input data



Defining model option parameters

#define NEWSFC

#undefNEWGWD

#undef CLDADJ

#define SAS

#undef RAS

#if (_ncldg_==0)
#undef ICE

#undef ICECLOUD

#else

#define ICE

#define ICECLOUD

#endif

#undefNEWALB

#ifdefNEWSFC

#define NEWALB

#endif

#define G2R

#undef C2R

: if defined, use new surface physics

: if defined, use new gravity wave drag

formulation

: if defined, conduct cloud adjustment

: if defined, simplified Arakawa-Schubert

cumulus cloud scheme

: if defined, relaxed Arakawa-Schubert cumulus

cloud scheme

: for consideration of the effect of ice

and ice cloud on radiation

: if NEWSFC is defined,

use new albedo types

: if defined, nesting from

global to regional grid

: if defined, nesting from

coarse to fine regional grid

After editing co,lfigure-model and modifying dcfine.h in

$DISK/srcs/def/rsm$$$$r_###/, type configure-model, and it will generate files of

define.h, machine.h, and options in $DISK/srcs/where the configurc-modcl is

located.

• Before compiling the source code, it is recommended to check those files of

define.h, machine.h, and options if the settings are correct.

Then, start compilation by typing make, and it will generate many executables,

source code libararies, and mountain and co2 data sets in the directory of

$DISK/srcs/bin/.

6.3 Execute the model

cd $DISK/run

edit configure-scr and set MODEL_DIR

modify rsm.in

type configure-scr rsm

type rsm or submit rsm as batch job



set parameters in configure-scr
MODEL DIR=$DISK/srcs/ :directory name that contains model source code

• modify rsm.in (run script template) or rsm (run script, generated by typing

configurc-scr rsm )

• configurc-scr l'sm also creates all run scripts in $DISK/run/runscr/from their

templates

Main run script ( rsm ) structure

specify run parameters

if [-s restart files] then

restart the run

else

initial start

fi

rmtn

cnvrt

chgr

cnv4dig

rinpg

h=eurrent forecast hour

hx=-h + increment hour

while [ h < (end hour) ] do

cnvrt (hx)

chgr (hx)

cnv4dig (hx)

rsfc or rsfcm (/1)

rfcst (h to hx)

rpgb (hx)

done



Run parameters

RUNNAME=r 000

FCST_RESTART=yes
INCHOUR=6

RDELT=360

NESTING HOUR=6

ENDHOUR=720

RSFC_CYCLE--yes

RSFCMERGE=no

: name of run working and output directory

: base field increment hour

: integration time step (second)

: nesting hour

: forecast ending hour

: if yes, use climatological or observation

data for non-predicted surface fields

: if yes, use reanalysis or global forecast

data for non-predictedurface fields

INPUT RESOLUTION=t@JCAP@k@LEVS@

CHANGE_RESOLUTION=yes

SST_ANL=@CPSLIBS_DIR@/con/sstanl.900309.grib

: SST file option

ICE_ANL=climatology : ice file option

SNO_ANL=guess : snow file option

<mapping and domain parameters>

RPROJ=I

RTRUTH=60

RORIENT=-I00

RDELX=60000

RDELY=60000

RCENLAT=90

RCENLON=0

RLFTGRD=49

RBTMGRD=I34

NEW_CLIM_O3=yes

inewsfc=.false.

SFC EXEC_FREQ=24 : surface cycle frequency

sfc_freq=$SFC_EXEC_FREQ

SWHR GBL=3 : computation interval(hour) for

short wave radiation in GSM

LWHR GBL=3 : computation interval(hour) for

long wave radiation in GSM

SWHR REG=I : computation interval(hour) for

short wave radiation in RSM

LWHRREG=I : computation interval(hour) for

long wave radiation in RSM

LOCDF REG=0 : local wind speed dependent damping (0:off, l:on)

NDRBLXREG=I : option for lateral boundary relaxation

(0:explicit, 1: implicit)



Mapping and domain parameters

RPROJ

RTRUTH

RORIENT

RDELX

RDELY

RCENLAT

RCENLON

RLFTGRD

RBTMGRD

mapping projection index

0 for Mercater projection (MP)

1 for north polar stereographic projection (NPSP)

-i for south polar stereographic projection (SPSP)

latitude where the map plane cuts through the

earth's surface

A north latitude for MP

60 ° for NPSP

-60 ° for SPSP

domain orientation longitude

grid spacing in meter in x-direction at TRUTH.

grid spacing in meter in y-direction at TRUTH.

reference latitude

domain center latitude for MP

90 ° for NPSP

-90 ° for SPSP

reference longitude

domain center longitude for MP

0 for both NPSP and SPSP

a grid number in x-direction

a grid number in y-direction

Calculation of RLFTGRD and RLFTGRD

1) Mercator projection

--4 D

Lx

(RCENLON, RCENLAT)

Ly

RLFTGRD = INT(Lx/RDELX)

RBTMGRD = INT (Ly/RDELY)



2) polar

I

RLFTGRD =

RBTMGRD =

stereographic

Lx

INT (Lx/RDELX)

INT (Ly/RDELY)

projection

pole

Ly

Y

RORIENT

A batch lob parameters on IBM-SP

A parallel run with 4 processors

#

# @ job_type = parallel

# @ output = out.$(jobid)

# @ error = err.$(jobid)

# @ total_tasks = 4

# @ node = 1

# @ preferences = Feature == "dev"

# @ wall_clock_limit = 02:00:00

# @ class = dev

# @ queue
#
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Appendix III. Hawaii Fire Danger User Manual

Purpose of this manual

The purpose of this user's manual is to provide entry level guidance to fire managers who

are not familiar with the concepts and use of the National Fire Danger Rating System

(NFDRS), as implemented in Hawaii. It is purposely non-technical. Those who wish to
learn the details of the NFDRS should avail themselves of the National level 2 week

training course held at the National Advanced Resources Training Center in Marana,

Arizona, or of the voluminous written material resulting from both national and regional

fire danger training courses. Neither is this intended to be documentation for a system

manager. That has been provided elsewhere. The inquisitive user may wish to obtain the

"$491 Reference CDROM for the National Fire Danger Rating System", as it contains

voluminous fire danger rating references. Much of the material presented here was
obtained from this source.

The first Hawaii fire danger system

The first attempt to develop a wildland fire danger rating system for Hawaii was

completed in 1974 (Burgan, Fujioka, Hirata, 1974), with funds provided by the Hawaii

State Legislature. This research indicated a significant fire problem, with an average of

14,000 acres of state protected forest and brushland burned annually, with the burned

area ranging from 3,100 to 45,800 acres. Fires occurred on Oahu more often than on the

other islands. The number of forest and brushland fires on Oahu ranged from 400 in

1967 to 1200 in 1972, with the largest burning 4200 acres. The largest fires, however,

have occurred on the island of Hawaii. A fire in September 1969 burned 37,000 acres.

The situation is similar for more recent years. For example, annual fire reports from the

Division of Forestry and Wildlife show that the annual acreage burned (1994-1999), for

their area of protection, ranges from 377 acres to over 37,000 acres, with an average of

about 14,500 acres, much the same as in the 1970's.

The fire danger rating system implemented in 1974 was based on the 1972 National Fire

Danger Rating System (NFDRS) (Deeming and others 1972) in use at that time in the

continental United States. Fire weather observation stations set up on each of the major

islands were used in conjunction with National Weather Service (NWS) weather stations

to provide daily observations. These observations were channeled through the local

NWS office on each major island and teletyped to the NWS Forecast Office at the

Honolulu Airport, and also to the U.S. Navy's Fleet Weather Central at Pearl Harbor.

Weather forecasters used the current observations to develop 24 hour forecasts that were

also teletyped to Fleet Weather Central, where they were processed through the NFDRS

program to produce various fire danger indexes. These indexes were then sent through

the State Civil Defense Office teletype network to the Civil Defense, Police, Forestry and

fire departments on the main islands and printed out in text format (fig 1). The structure

of this system is shown in figure 2.



FORHAWAII CIVIL DEFENSE
HAWAII FIREDANGERINDEXESFOR 00Z 29 JAN 74

STATION T RH FF PPP FFM IC SC ERC OI BI FLI
BARK SANDS 78 57 6 .04 8.2 37 7 9 37 2 0
KOKEE 57 93 2 0 23.4 0 1 0 0 0 0
LIHUE 78 65 8 .31 31.0 0 0 0 0 0 0
WAIALEE 77 69 4 0 9.9 28 3 8 28 1 0
WHEELER 78 54 8 .07 7.8 39 7 10 39 3 1
HONOLULU 75 64 8 0 31.0 0 0 0 0 0 0
Fig 1. Sampleteletypeoutputfor the 1974Hawaii FireDangerRatingSystem.

Hawaii Fire Danger Rating System - 1974 ]

Weather Stations
Hawaii " "

Maul
Molokal

Kauai .r

weatlier Stations
Oahu

National Weather
Service Office

1
_ :Service Forecas!

Federal Aviation

Agencies
C ommunlca tion

l
USN Fleet

Weather Central

ClvlIDefense omce ] [ PoliceHeadquariers

I I
I District Foresters [ [ Fire Departments I

Fig 2. Structure of the 1974 Hawaii Fire Danger Rating System.

Unfortunately this system was difficult to maintain and fell into disuse after a few

years. However, the need for a fire danger rating system continues and it can now benefit

from improvements in weather data, communications, computational power, and fire

danger rating technology.

The 2001 Hawaii fire danger system

The new Hawaii Fire Danger Rating System is based on the 1978 NFDRS (Deeming and

others 1978) as updated in 1988 (Burgan 1988). The structure of the current HFDRS (fig
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3) is much simpler than was the case for the 1972 system. All the processes from

obtaining weather data, to doing the fire danger calculations, to disseminating the output

fire danger index maps on the internet, can be accomplished by the Maui High

Performance Computing Center and the Pacific Disaster Center. A few of the original

fire danger indexes have dropped because they were difficult to maintain and interpret.

The remaining indexes are more intuitive to the user.

The weather data is now derived from weather models that are run by the Maui High

Performance Computing Center, rather than being observed from surface weather

stations. This has the advantage of producing fire weather data at 2-4 km resolution,

rather than just point observations from surface weather stations, where the point weather

data is assumed to apply to some large, but largely undefined, geographic area. The

assumption of course is that the modeled weather data is reasonably accurate.

The fuels data is much improved, having been derived from lkm resolution satellite data.

This permits outputting fire danger maps on the internet,

(http://www.mhpcc.edu/projects/wswx/) with 1 kilometer resolution - a significant

improvement from the teletype output of the 1974 system.
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Fig 3. Structure of the 2001 Hawaii Fire Danger Rating System.



Basic Principles of Fire Danger Rating

Defining Fire Danger Rating

Fire danger rating combines the various factors of fuels, weather and topography to

permit an assessment of the daily fire potential of an area. Fire danger is usually defined

in numeric or adjective terms that can optionally be displayed in map form, which is

certainly the easiest to interpret. The fire danger rating of an area gives the manager a

tool to assess the day to day "fire business" decisions. The emphasis is on tool because

fire danger rating information is not a final answer by itself; it must be considered along

with the manager's local knowledge of the area and consequences of a decision when

arriving at the best solution to a fire business problem. Fire danger ratings are typically

reflective of the general conditions over an extended area, often thousands to tens of

thousands of acres. Ratings can be used to guide decisions for future situations, subject

to the limits of the forecasting system. If historical data is available, the severity of a

particular day or season can be compared to others.

The difference between fire danger and fire behavior

Many of the inputs (fuels, weather, topography) and terminology (spread, intensity) that

are part of fire danger rating are very similar to those used in fire behavior analyses,

leading to confusion between the systems and misuse of the fire danger system. The

principle difference is that fire danger is a broad scale assessment, while fire behavior is

both site and time specific. That is, the two systems have very different spatial and

temporal scales. Fire danger is calculated once a day from generalized inputs, and

applied to large geographic areas. It is a "bookeeping" system in that it provides profiles

of gradual seasonal changes in fire potential. The Fire Behavior System, on the other

hand is just used for the duration of a fire, may be calculated many times a day using

input data measured at the site of a fire, and does not provide a seasonal fire potential

profile. Fire danger ratings describe conditions that reflect the potential, over a large

area, for a fire to ignite, spread and require suppression action. Fire behavior on the other

hand deals with an existing fire in a given 1 ocation. Fire behavior describes the

movement (rate of area increase), fire intensity, flame length, and indicators of rapid

combustion (spotting, crowning, and fire whirls) of that fire. It expresses a real time or

predicted condition for ongoing fires. Fire danger provides a set of numbers that can be

related to near worst case fire potential across large areas.

Key assumptions of the fire danger rating system

There are four fundamental assumptions associated with the National Fire Danger Rating

System that must be understood if the system is to be properly applied and interpreted.

They include:

1. It relates only to the potential of an initiating fire that spreads without crowning or

spotting, through continuous fuels, on a uniform slope.

2. It measures fire business from a containment standpoint, as opposed to full

extinguishment.



3. Theratingsarerelative,notabsolute,andtheyarelinearly related. In otherwords,if
acomponentor indexdoubles,theworkassociatedwith thatelementdoubles.

4. Ratingsrepresentnearworst-caseconditionsmeasuredat exposedlocations,at or
nearthepeakof thenormalburningperiod.

In summary,fire dangerratingis anumericscalingof thepotentialovera largearea,for
fires to ignite, spread,and requiresuppressionaction. It is derivedby applying local
measuresof currentor predictedfuel, weather,and topographicconditionsto a set of
complexscience-basedequations.The outputsarenumericmeasuresthat providea tool
to assistthefire managerinmakingthebestfire businessdecisions.

Inputs
Gridded Data
In thetypical fire dangerrating applicationon the mainland,fire dangeris calculatedfor
specificweatherstationsthatrepresentlargegeographicareas,andthenassumedto apply
equallyto thatentirearea.TheHFDRSis uniquein that it utilizesgriddedfuels,weather
and topographydata. Think of this grid as a matrix of small boxesspreaduniformly
acrossthe Hawaiian Islands. Specifically that meansthat the fuels, topographyand
weatherdataareuniquely definedfor eachgrid cell, thuspermitting calculationof fire
dangerindexvaluesfor eachgrid cell. The sizeof thesegrid cells is 1 squarekilometer
(about230acres)becausethefuel modeldatahasbeendeterminedto this resolution,and
whereotherdatais of lesserresolution,it is replicatedto the lkm grid.

.Foel Mqdels

A fuel model is a classification of the dead and live plant material representing a specific

area. It reflects the amount of dead and live material (tons/acre), size (inches), depth

(feet) and other physical properties of the fuel bed. Basically, fuel models describe

vegetation in terms that are meaningful to the mathematical fire model used to calculate

fire danger indexes. Because the variability of fuel bed characteristics is almost infinite,

each fuel model in the fire danger rating system must necessarily represent a rather broad

range of vegetation types. The key to fitting fuel models to vegetation is to select fuel

models that can reflect both the magnitude and direction of seasonal and daily changes in

fire potential. Fortunately for the users of the HFDRS, fuel model maps have been

prepared in advance for each island group, through use of satellite derived vegetation

data, mean annual precipitation data, and field consultations.

The vegetation data processing was performed by the Earth Resources Observations

Systems Data Center (EDC) in Sioux Falls, SD. The vegetation data source was S10

synthesis data (10 day composites) obtained in1999 from the SPOT vegetation

instrument. Thirty-six $10 NDVI images were calculated from the red and a near-

infrared channel, then combined into monthly maximum value composites by combining

groups of three 10-day composites. This helped remove cloud contamination. These

images were masked for water through use of the global GTOPO30 data set. Barren land

was masked by preparing an annual maximum NDVI dataset from the 12 monthly

images, defining any pixel that was not water, and whose NDVI never rose above 0.2, to



be barren. The vegetationdata (less water and barren) wasgrouped into 25 classes
throughunsupervisedclustering,thenbarrenwasaddedbackto makea total of 26 land

(vegetation) classes (fig 4). Notice that a small portion of the southern end of the Big

Island, and the eastern side of Kauai show missing data. Fuel models were assigned for

these areas without the guidance provided by the vegetation type map.

Kouoi Oahu

Maui Big Island

Fig 4. Vegetation cluster map, prior to conversion to NFDR fuel model maps

The vegetation map was reviewed by fire managers on each of the major islands and fuel

model maps were produced by assigning nine NFDR fuel models to represent the 26

vegetation types. The mean annual precipitation map was used to define precipitation

ranges for each fuel type when there was a need to separate an individual vegetation type

into two or more fuel types. Pixels were individually assigned to specific fuel models

when they could not be properly assigned by the combination of vegetation type and

mean annual precipitation. The fuel model map for each island is shown in figure 5.

These maps are used in place of the typical procedure of defining fuel types represented

by individual weather stations.

Appendix 1II.2 contains a narrative description of each fuel model used in the HFDRS,

Appendix III.3 displays the physical properties of each fuel model used.
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Fig 5. Fuel model maps used in the Hawaiian Fire Danger Rating System.

Slo_]9_p_:

Slope is the rise or fall in the terrain measured in the number of feet change per 100 feet

of horizontal distance, expressed as a percentage. The effect of slope on fire danger can

be noticable if the fuels are dry and slopes are steep, however wind has a much more

significant effect on fire spread. Standard fire danger use is to categorize slope into 5

general classes, however for the HFDRS the slope is currently set to 20% because this is

a reasonable value for most of the landscape, especially at a resolution of 1 km. Slope

maps derived from digital elevation model data (fig 6), may permit better definition of

slopes by defining an average value for each lkm pixel. This could be a low priority

effort, but careful attention will be required to determine if this results in overprediction

of fire danger in the areas of windward cliffs.
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Fig 6. Slope map for the Hawaiian Archipelago

Mean Annual Precipitation:

This input is used for calculating the Keetch-Byram Drought Index (KBDI) (Keetch and

Byram, 1968) as an adjunct to the standard fire danger outputs. The KBDI was

developed in the southeastern United States to address the effect of long term drying, i.e.

drought, on the forest soils and duff layer. Mean annual precipitation is used along with

daily temperature and rainfall, to calculate daily KBDI drought adjustments. Mean

annual precipitation, in draft form, is mapped for each lkm pixel (fig. 7) through data

provided by the PRISM Climate Prediction Project, Oregon State University.

Mean Ann Ppt {In}

1 226-254
201-225
176-200
151-175
126-150
100-125
91-100
81-90

.--- 71-80
61-70
51-60
41-50
31-40
21-30
11-20
0-1 Inches
Water

Fig 7. Mean annual precipitation (inches), by Island.

Weather Data:

Gridded weather data is obtained by running a "Gridded Spectral Weather Model" at the

Maui High Performance Computing Center. Although this model can be run several

times a day, the HFDRS only uses the 2:00pm (2400Z) weather maps because the



philosophyof fire danger rating is to approximate near-worst case conditions. The spatial

resolution of the weather maps varies by island, being 2km for Kauai and Oahu, 3kin for

Maui, and 4km for the Big Island. In each case the weather data is replicated to lkm

resolution so it will match with the lkm resolution data described above. Sample

weather data maps are provided in figure 8.

Drybulbtemperature(degF]
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96-10O
Water

Relative humidity [percent]
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Watel

Sample daily gridded lkm resolution weather maps for Maui.Fig 8. Similar, and

additional data is used to calculate gridded fire danger maps for all the major islands.

Potting it all together:

Much of fire danger rating literature discusses details of managing user controlled inputs

and how they affect calculations. This is necessary for those who must run the fire

danger rating system in the "standard" form, that is by inputting weather data from

individual weather stations that must represent fire danger over large geographic areas.

The situation is different for the HFDRS because there are no user controlled inputs. The

standard user specified weather station inputs are replaced with either gridded map

inputs, such as the mean annual precipitation map for example, or eliminated through

simplification of the NFDRS computer program. Such simplification was possible

because this system applies only to Hawaii, where it is not necessary to be concerned

about winter v/s summer conditions, all the vegetation is perennial, etc. In addition, the

user does not need to be concerned about maintaing weather stations and entering

weather data because gridded weather data is provided by the regional spectral model.

However, it is useful to at least be aware of the flow of input data and the general



processesusedto producethe outputs. Thesearepresentedin figures 9 and 10. The
Keetch-Byram Drought Index flowchart is presented separately both for clarity and

because it is an "addition" to the standard fire danger outputs, and is discussed later.

It should be noted that the HFDRS does not output all of the standard NFDRS indexes

and components. Such things as the human and lightning caused fire occurrence indexes,

and the fire load index are eliminated because they are not particularly useful and they

are very difficult to maintain. Only the most useful outputs have been retained.

The Natipnal Fi_ Dlmg¢: Rating Syst_

24 I'lour

Terni) &KH

_3M

RH DB (]LD WS

Fig 9. Flow of fuels, weather and topography data through the HFDRS.

M_a/tam
lh_b

L

Keetch-B_ramDrou6b/Index

MaxDB

Fig 10. Data used to produce the Keetch-Byram Drought Index
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System Outputs

Spread Component (SC)

The spread component is a rating of the forward rate of spread, in feet per minute, at the

head of a fire. Thus a spread component of 30 means that the fire should be progressing

about 30 feet per minute at the head. Flanking and backing fire spread rates are not

estimated by this component. The SC is very sensitive to windspeed, and moderately

sensitive to slope, especially if the fuel is dry. Because of its sensitivity to wind, the SC

is highly variable from day to day, and in fact fire spread rate may be quite variable from

almost minute to minute, but the HFDRS does not address this level of fire behavior

detail. The SC is expressed on an open ended scale; it has no upper limit. Obviously the

accuracy of the gridded windspeed data is critical.

Energy Release Component (ERC)

The energy release component is a number related to the available energy per unit area

(BTU's per square foot) within the flaming front at the head of a fire. That is, if you

think of a fire burning through one square foot of vegetation, the ERC is a measure of the

amount of heat released from the time the head of the flaming front first enters the square

foot area, until the tail of the flaming front leaves it. Daily variations in the ERC are due

to changes in moisture content of the live and dead fuels. It is not affected at all by

windspeed, thus it is reasonably stable from day to day. Because of this stability, it is one

of the best indexes to provide guidance for those fire management decisions that should

not be changed frequently, such as limiting public access to forest lands. The other index

that is useful for this is the Keetch-Byram Drought Index.

The ERC can be considered a cumulative or "build-up" type of index. As live fuels cure

and dead fuels dry, the ERC values get higher, thus providing a reflection of drought

conditions. The scale is open-ended, and as with the other components, is relative. That

is, a doubling of the ERC represents a doubling of potential heat release during a fire.

Burning Index (BI)

The burning index is a number related to the contribution of fire behavior to the effort of

containing a fire. While the relationship is not mathematically exact, it can be thought of

as closely related to the flame length, in feet, times 10. In other words, divide the BI by

10 to get an approximation of the flame length (in feet) at the head of the fire. The BI is
derived from a combination of the SC and the ERC, so it is strongly affected by

windspeed, and varies considerably from day to day. It has an open ended scale. Table 1

relates BI to flame length, with narrative comments relative to the affects on prescribed

burning and fire suppression activities. It is important to remember that computed BI

values represent the near upper limit to be expected if a fire occurs in the worst fuel,

weather and topography conditions for this fuel type.

Studies have indicated that difficulty of containment is not directly proportional to flame

length alone, but rather to the rate of heat release per unit length of fireline (Byram 1959).

These data show that the containment job actually increases more than twice as fast as the

BI values increase, so be forewarned.



Relationshipof Burning Indexto expectedfire characteristics.

BI FlameLength(ft)
0-30 0-3

NarrativeComments
Most prescribedburnsareconducted
in this range.

30-40 3-4 Generallyrepresentsthe limit of
controlfor directattackmethods

40-60 4-6 Machinemethodsusuallynecessary
or indirectattackshouldbeused.

60-80 6-8

80-90 8-9

Theprospectsfor directcontrolby
anymeansarepoor abovethis value.
Theheatloadonpeoplewithin 30
feetof thefire isdangerous.

90-110+ 9+ Abovethis intensity,spotting,fire
whirls, andcrowningareexpected.

Ignition Component(IC)
The ignition componentis a rating of the probability that a firebrand will causea fire
requiringsuppression_action.Becauseit is expressedasa probability,it is scaledfrom 0
to 100. An IC of 100meansthat every firebrandwill causean "actionable" fire if it
contactsa receptivefuel. Likewise and IC of 0 would meanthat no firebrand would
causeanactionablefire underthoseconditions. Note theemphasison action. The IC is

more than the probablilty that a fire will start (given a firebrand), it has to also have the

potential to spread. Therefore the SC values are part of the calculation of the IC. If a fire

will ignite and rsj___d, some action or decision is needed. Because the IC is a function of

both the moisture content of small dead fuel, and windspeed, it has significant daily

fluctuations.

Keetch-Bryam Drought Index (KBDI)

The KBDI is not a part of the original fire danger rating system, but was added during the

1988 NFDRS update. It is a stand-alone index that can be used to measure the affects of

seasonal drought on fire potential. The acutal numeric value of the index is an estimate

of the amount of precipitation (in 100 'h_of an inch) needed to bring the soil back to

saturation. A value of 0 is complete saturation of the soil, a value of 800 indicates totally

dry soil. Because the index is calculated with the assumption that the upper soil and duff
can contain 8 inches of water, the maximum KBDI value is 800. The KBDI's

relationship to fire danger is that as the index value increases, the vegetation is subjected

to increased stress due to moisture deficiency. At higher values dessication occurs and

live plant material is assumed die, thus adding to the dead fuel loading on the site. Also,

an increasing portion of the duff/litter layer becomes available fuel at higher index

values. Two very useful papers describing how to use this index were written by Mike



Melton, andarereproducedin Appendix111.4.Becausetheywerewritten for the warm,
humid southeasternU.S, theyshouldbe reasonablyapplicableto Hawaii.

Application

Defining Fire Danger Classes

Typically, several years (at least 10) of historical fire danger indexes are analyzed for
seasonal trends and correlated with actual fire occurrences to help set breakpoints

defining the boundaries of fire danger classes - very low, low, moderate, high, extreme.

Unfortunately, the historical fire danger data for Hawaii is limited to a few local weather

stations operated by federal agencies, and this is not sufficient to define statistically valid

breakpoints for fire danger mapped at lkm resolution across the state. There are two

approaches to addressing this problem.

The first approach is to present the fire danger maps with 15 predefined classes for each

index or component. Then, as a first step to relating calculated fire danger to actual

conditions, fire managers must look at the fire danger maps daily, and relate their

personal experiences and intuition of the fire danger with the various indexes and

components. This not only provides an intuitive connection to the maps, it is also the

fastest way to determine if the maps are reasonably portraying fire potential. To do this

well, one needs to make this observation during rainy periods as well as dry ones,

checking carefully to see if the fire danger maps look correct across all areas of the

island, wet and dry. Although this is not quantative, it quickly reveals if serious

discrepancies exist. This process should allow local fire managers to set standards for

when various fire restrictions should be put into effect.

The second approach is to use Table 2, which presents adjective classes that were

developed in 1974 by the U.S. Forest Service, Bureau of Land Management and various

State Forestry organizations as a standard description for five levels of fire danger for use

in public information releases and fire prevention signing. These two approaches are not

mutually exclusive; both may be beneficial.

Table 2. Adjective

Fire Danger Class

Low

Moderate

Fire Danger Rating Classes.

Description

Fuels do not ignite readily from small firebrands, although a more

Intense heat source such as lightning may start fires in duff or

punky wood. Fires in open cured grasslands may burn freely a few

hours after rain, but timber fires spread slowly by creeping or

smoldering, and burn in irregular fingers. There is little danger of

spotting.
Fires can start from most accidental causes, but with the exception

of lightning fires in some areas, the number of starts is generally

low. Fires in open cured grasslands will burn briskly and spread

rapidly on windy days. Timber fires spread slowly to moderately

fast. The average fire is of moderate intensity, although heavy

concentrations of fuel, especially draped fuel may burn hot. Short

distance spotting may occur, but is not persistent. Fires are not



High

Very High

Extreme

likely to become serious and control is relatively easy.

All fine dead fuels ignite readily and fires start easily from most

causes. Unattended brush and campfires are likely to escape. Fires

spread rapidly and short-distance spotting is common. High

intensity burning may develop on slopes or in concentrations of fine

fuels. Fires may become serious and their control difficult unless

they are hit hard and fast while small.

Fires start easily from all causes, and immediately after ignition

spread rapidly, and increase quickly in intensity. Spot fires are a

constant danger. Fires burning in light fuels may quickly develop

high intensity characteristics such as long-distance spotting and fire

whirlwinds when they burn in heavier fuels.

Fires start quickly, spread rapidly, and burn intensely. All fires are

potentially serious. Development into high intensity burning will

usually be faster and occur from smaller fires than in the very high

fire danger class. Direct attack is rarely posible and may be

dangerous except immediately after ignition. Fires that develop

headway in heavy slash or in conifer stands may be unmanageable

while the extreme burning condition lasts. Under these conditions

the only effective and safe control action is on the flanks until the

weather changers or the fuel supply lessens.

Preplanned Dispatch

Most units preplan their actions in response to reported incidents. Logic says that the

higher the fire danger, ther more production units necessary to contain the fire start. The

question is which component or index best reflects the local unit's response needs. When

historic fire danger data is available, comparison of fire sizes with corresponding SC,

ERC, BI, IC and KBDI can give assistance in making this selection. Knowledge of the

fire danger indexes at the fire location, coupled with experience in travel times and

fireline production capacity for the various response alternatives, in the fuels and terrain

in question, can help to shape the strength and type of response.

Public Use Restrictions

A problem often exists in determining when to initiate public use restrictions, which can

be a very political action. The HFDRS should be quite helpful in this regard, once the

level(s) at which to begin implementing restrictions are defined. Again, historical fire

danger and fire occurrence databases are very helpful in associating fire occurrence with

the indexes and components of the HFDRS, to determine which are most appropriate, and

what the index values mean in terms of fire activity. The best that can be done to get

started is to begin building a local database and begin making the associations as soon as

possible.
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AppendixIII.2- NarrativeFuelModelDescriptions

NationalFire DangerRatingSystemfuel modelspresentedherearethosedeemed
most representativeof Hawaiianvegetation. The vegetation typesthey representare
presentedalonsidethefuel modelname,anda modifiedversionof thestandardNFDRS
narrativedescriptionfollows

Grass types

Model L - Grasslands of the lowest loading, such as grass-kiawe types.

This fuel model is meant to represent perennial grasslands where shrubs and trees

occupy less than one-third of the area. The quantity of fuels in these areas is stable from

year to year.

Model C - Moderately dense grass types such as molassas grass

Open stands typify Model C fuels. Perennial grasses and forbs are the primary ground

fuel but there is enough litter and branch wood present to contribute significantly to the

fuel loading. Some brush and shrubs may be present, but they are of little consequence.

Model N - Any very heavy grass type such as Fountaingrass or broomsedge

This fuel model was constructed specifically for the very dense sawgrass praries of

south Florida. It may be useful in other situations where the fuel is coarse and reedlike.

This model assumes that one-third of the aerial portion of the plants is dead.

Shrub types

Mgd¢l D - False staghorn fern or other vegetation with about 60% live material.

This fuel model applies to heavy vegetation comprised of vegetation that is less than 1

inch in diameter and contains a significant live component that responds similarly to

small live woody material, even though it may be heavy herbaceous material.



Model F - Continuous stands of brush such as pukiawe and/or aalii

Fuel model F represents mature closed chamise stands and oak brush on the mainland. In

Hawaii it can represent continuous stands of moderately flammable shrub types such as

pukiawe or aalii that have a strong component of small diameter live woody stems. This

fuel model should represent vegetation that is not very flammable except in very dry

conditions.

Model T - Grass-shrub mixtures such as discontinuous pukiawe and/or aalii

The shrubs burn easily and are not dense enough to shade out grass and other herbaceous

plants. The shrubs occupy at least 1/3 of the site. Fires can be fast spreading.

Timber types

Model G - Eucalyptus or other forests containing large amounts of dead material.
Fuel model G is used for dense stands where there is a heavy accumulation of litter and

down woody material. Such stands are typically overmature and may also be suffering

insect, disease, wind or ice damage - natural events that create a very heavy buildup of

dead material on the forest floor. The duff and litter are deep and much of the woody

material is more than 3 inches in diameter. The undergrowth is variable, but shrubs are

usually restricted to openings.

Model H - Healthy coniferous forests such as ironwood.
In contrast to model G fuels, model H describes a healthy stand with sparse undergrowth

and a thin layer of ground fuels. Fires in H fuels are typically slow spreading and are

dangerous only in scattered areas where the downed woody material is concentrated.

Model R - Hardwoods

This model represents hardwoods when the canopies are in full leaf It has 0.5 tons of fuel

per acre in the 1, 10, and 100 dead fuel classes, as well as the live herbaceous and woody
classes. It has no 1000 hr dead fuel. Thus it represents a rather lightly loaded fuel type

and produces rather low fire danger indexes.

Appendix III.3 -- HFDRS Fuel Model Parameters
Fuel model

Parameters C D F G H L N 0 P T

Load (tons/acre)
1-h dead 0.4 2.0 2.5 2.5 1.5

10-h dead 1.0 1.0 2.0 2.0 1.0

100-h dead ........ 1.5 5.0 2.0

1000-h dead ............ 12.0 2.0

Live woody 0.8 3.0 7.0 0.5 0.5

Live herb 0.8 1.0 1.0 0.5 0.5

Drought 1.8 1.5 2.5 5.0 2.0

Surface-area-to-volume-ratio (lift)

1-h dead 2,000 1,250 700 2,000 2,000

0.25 1.5 2.0 1.0 1.0

..... 1.5 3.0 1.0 0.5

......... 3.0 0.5 ....

......... 2.0 ........

..... 2.0 7.0 0.5 2.5

0.5 ........ 0.5 0.5

0.25 2.0 3.5 1.0 1.0

2,000 1,600 1,500 1,750 2,500



10-hdead
100-hdead
1000-hdead
Live woody
Live herb

109 109 109 109 109 .... 109 109 109 109

30 .... 30 30 30 ........ 30 30 ....

............ 8 8 ........ 8 ........

1,500 1,500 1,250 1,500 1,500 ...... 1,500 1,500 1,500 1,500

2,500 1,500 1,500 2,000 2,000 2,000 ...... 1,500 2,000 2,000

Heatcontent(allfuels, btu/lb)

8,000 9,000 9,500 8,000 8,000 8,000 8,700 9,000 8,000 8,000

Moisture of extinction (%)

All dead fuel 20 40 15 25 20 15 40 30 30 15

Fuel bed depth (feet)
0.25 2.0 4.5 1.0 0.3 1.0 3.0 4.0 0.4 1.25

Minimum wind adjustment factor

0.3 0.4 0.5 0.3 0.3 0.5 0.5 0.5 0.3 0.6

Maximum wind adjustment factor
0.5 0.4 0.5 0.3 0.3 0.5 0.5 0.5 0.3 0.6



Appendix III.4

The Keetch/Byram Drought Index: A Guide to

Fire Conditions and Suppression Problems

Mike Mellon

Distrk'r tanrer. USDA F_resl Serwc¢. Damrl Bo¢_.¢ National

For¢,_t. Sleurns Rclltger Dr.uriet, whidey Ci_,'. KY

i i

The 1988 venmn of the National

Fire Danger Rain 8 Syslem INI:_)R$)

hat be_ completed and shotdd be

operational by the first part of 199l.
The NI_R$ but an Impo_mtt new

addition: The Keetck/gyram it/B)

OrOugttl Index cedc_attons have been

added (o _ eys,,-m. As a p,m of the
NEDRS, Ihe K/B index wilt be ',he

most widely umeddrou$t_ index for

_m daffier r_ltag. Fire personnel wt[[
heed to know specifically tbe effect

of dr_tght on both wddfire 0,nd pt_.

scribed fire and the sqinificmtce of
the index and it| telaxlonship w the
fire eavbonment This meant fire

m_agers meet eede_taad t_

iMeX system, be able ta interpret the

dlla [t'_Ol IM lyt_m, amid I_ply that

knowledge to the local fire situation.

The _ Index

John Keetch and Geo_e Byrtm

developed tl¢ KsB index at the
5omhern Forest Rre Laben_ory to

evaluam rk= effects of Ionll-temt

drying on liter and duff end subse-

quently, on fire acUv_ty ( 1968_. The
index _sbased on a measurement of

8 inches 10,2 ml. of available me/s-

lute In rbe upper _oil Inym that can

be used by vege_ttzon for evWO-

_upU'atton. The mdax meuure (s
in hundre_hs fO.OI] of an inch of

walc¢ _ has a range of 0 thco_gb

800. with 0 being _att._eed and $00

nept_eonog _e wont drought condi-
im,n. Tb_ index mdicate_ det_¢it

,x_bes at' available water in elm _oil.

A K/B reading Of 250 meaz_ there
a deficit oC2.5 lncbes _6.4 cm! OLr

8_'o_d wuter avmleble to the regal*-
don. As droul_ prestresses, then_ i_
morn ava,lab_e fuel that can conmb-

ueem tire t_enllty.

Fb, Behavior st Sd_,,,4
Levdl_

The followia$ lll)fOflllat_.Onis a
comptlatio_ of data =me observations

fire m_ert and i have made from
field ol_ervattont of both wild and

pre_d_ed fire at nume_o_ locations.
It is an attempt to quaJify and qumx-

tlfy Jr',.common terms the effect of

continued dro_ght on forest fuels and
the problemt _ts/ng from drought

cooditiom du_na the _ Of wild-
fire and prescribed burro. Thla

ia/ormanon el_ou_dhelp fire ]x'_tt.
doeere to more fully _ndersumd the
retatlo_hip between the K/B iadex

readin$_--wh[ch indicate the extent

of droulr.ht.--_d fig fire
eavimnment.

At • part el' tl_ NFDRS. the K/B
index will be the moot widdy uKd

dreught index for tire dml|e_

rating.

I

The effect of drought on fire

behavior will vazy between f=el type*

and topoiSrapltieveg*ons. Moun-
ruinous hardwood feels will react

differe_iy tbaa the $o_tthe_ pine

fuels to drought and cmtseq_edy
fire effect_ will also differ. Raia or

relative Immldily and wiOd may abe
reqUlre an adjustment m K/B level

b_teq_ation. For imtance, even ,f

the K/B level is extremely hiBh. a
Imef rmn wdl ten_ly render

fuel,, l_apable of bamatg. Yet on
die o_ber PJ,nd. _e K/B index can be

low t< I00) and hi_ wind and low
reI_gov¢ hum,ditles tan eresle an

extreme situation m some fuel type=.
The t'o_]ow,ng descr_pnonsof con&-

flora, at vm"_ou,,_K./B levels b

primtnly re_am:l to the So.them
Commd Plain aad P_Imom regmns.

but d_ese¢tn be omsldered applica-
b)e ia many _e_ of fee _P/.

Roe penonnel should remember dmt

_Oecific dm,_io_s m_y be different
d_m those dosesbed and ebould _e

thtt _aformmion to complemem his or

her ex_nencos at a pal,cuUtr
I_a_tmt.

Leveh 0-1_. During t_is

_e of drought, tbe fuels and
gmand at= quite moist. Fine fuels

exhibit dally drying, burning readily

at times but also rev_vetin| to I hillh
moislttre ear, ant at night. Thtl level

ie idett for winter or lpring pm-

s_:rtbed bux_. Most _'_s are eHlly

suppressed with normal practices lind
generally lure not a problem. The

)ower litter and humm layen are
moist and not affect_ by rite, Most

fifes die c_ _ atsht dn,. to h_tmklity

recovery and itsdampening effect on

O_ fine fuels, Some't_u:Ltypee
(FeSta.el bum acovely, bm seldom

ct_tte much woblem with cot_tmi

effo_s. Generally. extensive mop-up
is not reqmred, since most IletW
_1, ( lO0 and IO00 h)aretoo wet

Io ilP_, l_ition of trims is not

normally a problem on v,:,ld Or pro-

scribed fi_t_. The lpnn_ fire teases

ca_ still geaer=_esome extremes m
behtvlor on wildt'_resdue to the

mtufe of fine fuels, e_0eemlly in fuel

typea with a heavy, loadiall of
llflt._. Drym$ m gene_Hy limited
to tM fine seduce fu_15 and the

orgmlc Layers still retain sttfl'_cient

nu_i_ure to resat burning. This _uM
be eemklered dz bu_ieess-as-_l

pedod.
I@B L*v,b 150-300. W/ddn Otis

r_r_e, _al_.'td patches Of surface
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linerremain In low-tying or damp
areas following a fire, and d'm
oHanic Layerrern_ns b_ica.lLy
Ll_istur_d, Both _ne a_ hn_dwood
s(ump_ rosy lgnim bm seldom bum
below ground, Most will go ore.
Hardwood snagsless tba_ lO inches
or 0.3 me_r zn dian'_er *t breast

height may ignite and burn while
larger snags (>1_. in or 0._ m) ._tiL[
resist deep burning due to high inte-
rior too,stare levels Generally sn_lP
a.ecnot a serous dlreat tO control
effOCt_,-,,ridmost will gO o*JIduring
the nigh(. However, snag,_ within
falling dlsmnce of d_ I_I'_Sshould be
cOrmideiRda major threat for poten-
0st rite escape, Normzlly, esCaped
fires pose little problem to _zandard
s-ppiRssLon tactics. Fire behavior is
predictable, Spolxzn$i,, usually
minin'_l,

When the I_'B levet exceeds 200

and approaches 300, a more intense
end active f,'cc sltuJuiondevelops,
requlnng closer attention by fir per-
_p_nci Usually at _his le,,_l,
rmnimum mop-up is required, Nor-
mid, fin= personneland equipment
levels air adequate, especially" for
rites1 forest type .FuelZlzlod_ls.Wild.
fires can generally be suppressed
with direct snack. Humldity recovery

_z night wil| a_d in (he conu'oi of
fires dumb (he mgtn hou_ making

_uppr_sslon simple, Fire personnel
should keep in mind dtat the 300

level _pmsents the upperrange that

can be considered acc_p_ble for nor-
mal winter or spring bumlr_g. Large
acreages (300 acresor 202.4 ha)
ignited at this level can create intense
conditions that are difficult to conrro]

dud_ the peak burning period and
can do unae_a,.,7 dan_ w timber
staad._(scorch.aM bole damage),

hzter or xo_ ¢_[amc I_¥_r,

Fire personnel should be especially
cetera] with heficopter operations that
ignite large areasof fuels simul-
taneously. Larger downed fuels will
tgmte, sometimesciRatmgh_zardou,_
smoke conditions at mght along
nearby, highways. Topographic fea-
tures and dralnage_ normally used for
ccat_roI lines can be expected to hold
both wild and p_ri_d fires.

K/'B L,eveh 34)0_00. At the K/B
300 to 300 lever, fire consun_s most

_ufface li_ter along with a significant
loss zn organic soil malerial. Site

pzepara_on bum_ expos= mini'a1
soil. producing areas causing e_ion
problems, The heavier fuel com-
plexes ([00 nnd I000 h) igmte
readily, conzrlbut,ng to fire tntenszty.
For instance. _tumps are Lgmted read-
ily and I_m underground. Pine
"lighter'" stumps axewtedly con-
sumed, but most kardwooc_stumps
_till resist deep burning, especially
und¢_round, Ba_.hpine and hard-

wood snags Igr_te at this level.
although larger snags (20 in or 0.5 m
and ov¢O still resist deep burning,
Hudwood ,_nags ignhe really and

pose conlzo] problems when Ioca_,-d
near lines

Fix¢ intensity increasesdramst-

icalIy in d_is ranBe due to the
mcre_L_d burning oY heavier tuel

classes. Spotting begtns to be a
major problem and in .some fuel
types could be considered the rule,
Escaped fire ts difficult to oonltol
because heavier fueL_ are contributing

go in_:n.si.w. especia],ly during (he
peak bu_nlng period. Fire behavior _s
_dil pmdzctable but $imofions may
reqatre additions! personnei and

c0_utpment_o c0nlro| a fire. Escaped
fire m both prescribed and wildfire
situationshold_ owr dudng the mght

a_d burns agmn the next day.
HumidiW recovery is generally insuf-
ticket w extinguish heavier fuels,
_sultingIn a large number of hold-
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overfires,increasedmop-upand
patrol acdv)lies ate requited, Al! nor-
malty planned winter or spring
undcrstory tire ,_houldbe ¢ancetcd
when the K/B index exceeds 350,
Direct att_k on wildfires ts difficult

due m tntcnsl_, Topographic fea-
tures used for tines in prescribed fire

and wL[cff]reSUlYpression will hold,
bat smaller drams begin to dry up,
and drifted debris is dr)' enough to
_llow tires to creep across drains.

Swamps begin to show n_duced wa_er
levels.

K/B Levels $00-700, Geaeraliy,
at[ ,urfoce lilt,or alld most O[ _he

organic layer is consumed by fire.
Site preparation opeCat_ons consisting
of bt_cas_ chem,cal application Sol.

lowed by fire ("brown and bum")
result _n almost complete femoral at"
organic material from the site. At
this level, l_O0 hour fuels ¢_tnbu_

readily to fire Lntenslty.
When the KJB index _s above 600,

expect the following:

• Stumps bum to the end of the roots
and all large downed [uels (togs
and so on are totally eo_umed

over a period of 48-72 hours. This
will result in a massive re,nounS of

smoldenng fire in the burned area.

I Dead snags tgniT¢, Large dead
snags will create a _af©zy hazard
due W the pmenlial For (ailing,

• Dead limbs on trees Ignite from
,parks. _ometime_ a_ considerable
height above the ground (50 ft or
]5 m and o_r),

• Spo_ting is difficult to control
• Escaped rim continues to bu_

through the night and rata the next

• Burns leave excessive sztedamage.

Above the 600 gJB levet, fire s_p-
pn_ssion is a major problem. Direct

aItack is generally not et'fecti_ due
to increased intensity, and spoetmg.
Extreme IntenSities add to the control

effort,,. When wzads approach 10
miles per hour 116 kin), _poltm 8 _s
Lherule. S[>me mghttime ac_vzly can
be extreme, dependent on fuels avail-

able. Fiz_ pc_onnei should ex!_cx
and prepare tot the previous day's
fir= to escape the next day during the
peak burning period. Summer sire
preparation bums should be canceled
when the K/B Index reaches the

mid.5OO's. Fine I_hav/or Is snl] pr_.

dicmbte bat tends xo be underpre-
diced, sin_ extreme inquiry levels
caused by _he heavier fue_complexes
might be overloo_d. F.xten,_ce mop-
up is critical _o fire supfcc,s|on.

Inc:eased need for fire suppre_ion
personneland equipment can be

e,_pected.
As the KIB level approaches 700,

anderstof_, vegemtmn wilts and Is
¢_sumect by fire. All ephemenl
drains and innerm_t*,'mdrains are dry,
Only target river drainagescontain
enough water to be useful in fire
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control, and there are easily compro-

relied by sponlng Mos_ larBer
swamps will show sii_ncant w_ter

Iols end tnlente fifes ctn be expected
if they occur in these area.

As the K/B Index goes into the
upper 500 ravage,rite personnel can
expect to ezwoanter more ztrbln |met-
face type fire um'cs. Experience has
shown that the general public is not
aware of the voJat[le situation and

mote wildfire stzp'_ wii[ tex)d to orilp
inate from "nocnutr' baraln 8 by the
public. At this po_t, only a major
ndnhdl wJ_l reduce the fire hazard,

Wit Level '_0 PIm. Expect more
of the same, only wone! A_ d_e7DO-
plus ]evet, many .adentery species
with shallowrOOt systems ¢ot_tinueto
exhibit exterLlve wilting and comrlb.
_e to £ure_fivity by acting as ladder
fuels and l_teasi_gthe chance of
ex_-eme fire behavior. AILburning
should be banned until the K/B index

faJ|Sbelow 500, the minimum. O_y
rapid responle time to wildfires aion8'
with intense zuppre_don efforts will
keep a rrm)or fire _dtuation from
developing. Most fire _ez_les

and Stateoq]anlzatims wit| issue
bttml_ bands on all outiide bum-

tug, especially if wildfires imve
developed. At thisK/B ]eve], ttrbsn-
interface fu_ become a major prob-
lem. Ir_reaslng numbers of wgdfires
ortirinate from the vicia_ of homes
and resklences since the general pub-
lic doe_ nOt adequately undersOmd
the Can=that must be taken in this

kind of drought situation.

AddiJie_a/Obaerva¢[Ollm

There me ewe (_er conditions

WOt_ menfionli_ ht_ thet may

affect the danger tevel at indicated in

the K/B index. These are days-sit.e-

rain and huratdtty recovery. During

the normal fire year. there will be a
rise and Pallof the draught condi.
t_,om, The i]_:lex is umtMly low in the
spP.ngand rises as sumraer prog-
resses On into fall a_l then bel0n_ a
stow decline as winter raira R_um.

Daya-,.qlnce-Rain, Doting the early
sprig when the K/B index would
normally show a level below 200,
the days.stnce-raL_ number represents
va_usble infon0afion zo tee fire man-

ager, If focusing on the drought
index as a chief _dicator for clanger
of wikifire _-'_pez_e, It is _asy to
fe_l;el dutt fl_ _e.Js readily bum _cl
cart create relatively intense condi.
tinct even It low K/B levels. At low

_B level% days_ince.rain Is a bett_
iodlcator of actual burning pozemial
then d'mdWugh! index. As the index
titeat into the 300 t'_ge and above.
days-since-rain is of |es_ impo_tce
because of the deep drying occu.-'linl
in the tower fuel layers and in Im_r
fuels with resulting ir_re_e in GGfe
irat_ily. Very intense fltet can

octet in only 2 or 3 d_yt following
rain, if t_ dryin8 of Pads is deep
nod requires stgnit3cant moisture
Saf.Ufate to I1_tr the moisture of

extinction point. Corulequentiy, t_

more _v_eed thedroush¢, days-
since-rain becomes les, important. At

thb point, more crop.sis sho_d be
placed on tho K/B level.

Humldlty Recovery. HumidLW
recovery normallyhappensto some
exle.t each night.In theSouth,nor-

md night humidities can aVetlSe
Ov_r 90 peTcent, while in the West

40 pe_ct-nr might b¢ cons_cred high.
Regattas, of the locadoa, rids
iacRue in humidity tm an effect on
dze a_iisbility of fuels tu be con-

sumed by f-zre. DurSt the early

tinges of drought (l_tow Ibe 300

level), humidity recovery can actu-
ally control fires at night by raising
the fun.1mDistuteof fine fuels near (x
above the excision level. Moisture

is n'amferred £'zom the a_mospbetero
the f_ell _ also from tl_ lower f_el

layers and soil which zre very moist,

As the drought increases, there is
lest mols_te available from the

lOWer fueJ layers aM soil a_l conse-
qumdy fire, ca_ conhnue to bern
through ti)ese deeper fuel Inert at
nJgbt. The resulting incma_ in rite
intemity ctn effectively _mer any
increue ia niSht humidity, Geaer-
ally, as t_ lOB index appro_hes
and exceecl_the 500 level, humidity

reeevery alone will not stop she com.
t:,o_on procett,

Summary

In review, and this is particularly
true in the Soulhern S_xes. normal

sw/ng or winter ?rescrib_ tTre_
should he _ when Ibe
index eX_ds 3_0. and summer the

pteparadon fire should be reduced
whes the IOB index e_Is 500.

WJEI and prescdhed fires tbet el.cur

when t_ K/B {ndex approaches and
exceeds 300 will ea_e tncteasing
difficulty of ¢o_uol a_ the index goes

bilker. Wildrtms lhat occur below
the 3_9 level in t'ale fuel types m"la
tteep toposmphy ¢_m sdl] be
extremely difficult W control even
&tOughthe soil and low_ fuel layers
m'e mOlil.

Flm pes'untnel need to be
esxeecially_mi_ _n using p_-
scribed fire if the K/B Index has been

high _ is fatlir_ mile the upper
200-to-300 range. The heavier fuel
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ctas._ will _t:ll _ _ufficicntLy d_
ins_lc w bum t'or e.xtcnc_d_nods
and can n_'ult in smoldering fuels
and subsequen[ smoke problems it"
near any smoke Ren_[zive lucation..,.
ffazu_dou,, m_J'_timesmol¢ coMi-
t,ons can reoccur tot severs] nights.
The_¢ I'le;_vlerfuel_ will continue to
._moider ant1 _um unt,J the next

ram (_ tznul they arc e._senuaJly

Fire _r_onnel .,.hould _ alert t_r

K/B ]c_¢1._chat depart from the nor-
mal precLpir_non_early putem_.
especially during spr_n8 or fall fire
seas0ns. Rgm¢ 1 illustt_s the typt-
c_zlK/B index readings _or a year of
normal prectpitanon. Figure 2 shows
how the K/B reuii,gs in one period
of the year Can be u_ed _o predict fire
danger latt-r in _he year. Sl_ng fire
_casons thst come,de wffh zncreosmg
K/B leve]_ _)f300 a.d obo_ can lead

_o mcn-a._ing]y hezardous fire condi-
lions. Since t_ of tee smaller _'u¢l

clesses _t'c cured at th,s t, me. they
P.Jdtly burn with incren._mg m_nstiy
u,_deep-drying continues. Likewise.
fall fire seasons th_t coincldc with

K/8 levels of 4.00 and above through
October and November are u_ually
busy _cason._t_ _re personnel, Fall
fires that occur dudn_ this ,_itumtion
will be er_remety ditTicult to control
and n=qutrc extensive mop-up, since
all of the fuel closes and soil were

abnonnally do: fror_ the ._unm_r's
heat. and fires w_[1ba_.ically consume
e_cry cla_s of fuel that can be _goi-
_ecLFor example, the f.,,l!I'im _a_on
or"19_7 h,._ KJ8 ]evcl re',_m_s in
excess or"700 throu3h November,
falling into the 600 ]eve] m Decem-
her, Con_quenlly. the ,*prmgseaso_
of 1933 w_zsbo_e_ty a carryover
from the prev,ous sensonwi_h K/B
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KEETCH-BYRAM DROUOHT |NI:IEX REVISITED:
PRESCRIBED FIRE APPLICATIONS

Mike Meltnn

n volume 50, number 4, of _'re
Management Notes, I contributed
an article about the Keetch.

Byram Drought Index (K-BDI), its
relationship to fire suppre_ton,
and the problems that could be ex-
pected with suppressioneffortsat
different levelsof drought as mea-
suredby the index.Sincethat
time, it has received many inquir-
Ies and comments appreciative of
the practical information con-
rained in the article. It ha.s also
been used as a training too] in a
variety of fire management classy.
I also learned that some wildland
fire managers, especially in the
Southeastern United State_ _ve
used the information found in the
origina] artic]e and applied it to
prescribed burning. While the in-
formation contained in the origi-
nal articleis applicable to
prescribed fire, there are some dlf-
ferences. With prescribed fire prac-
fi_oners in mind, in this article I
have expanded and addressed the
K-BDI specifically from a pre-
scribed fire perspective.

Keetch-Byram Drought Index (K-
BDI) levels are calculated as part of
the 1988 revisions of the National
Fire-Danger Paring System
(NF'DRS)(Burgan1988).Sincethe
K-BDIcalculationsaresimple.

theyareoftenmade and keptbyin-
dMdualsorfieldofficesthatdonot
haveaccesstoNFDRS calculations
or are not near an office that does.

MikeMellon&adistrictmruler,USDA
ForestS#rvlo_,Dam'dBoomNational
Foreal,S/curtisRangerD&lricLWhitl_t
Oty,A_,

Drought indexes are

not designed to
measure fuel

moistures, rather they
ind{oat,e environment.el
conditions that effect

fuel profiles.

'to calculatethe K-BI)I values, us-
ers need a cow ofthe directions
found in theoriginal documenta-
tion (Keetch and Byram 1968) and
a rain gauge. Then a simple math-
ematical process is necessary to de-
termine theK-BDrvalue on a daily
basis.

In the following discussions, I have
addressed the index and effects on
a drought scale difference of 200,
which correspondsto the loss of 2
inches (Scm) of water from the
fuel and soil profileas the drought
progressesfrom onestageto the
next.

These followingdiscussions are
based on the fact that the seasonal
variations in the index generally
foJIowthe southern seasonal tem-
perature pattern. The index will be
low in the winter and spring, in-
crease during the summer and
early fall, and taper off again In
winter. In my conclusion, I discuss
some of the variations found when
theindexdepartsfrom normal,
some things tobe expected from
rising and falling indexes, and the
days-since-rainconcept.

K-BDI Levels 0-200

Muchof the understory prescribed
fire work in the South is done at.
the0 to 200 levels, which corre-
spond totheearlyspring dormant
sea,on conditions following winter
rains.Soil moisture levelsare
hitch, and fuel moisturesin the
100- and 1,000-hour fuel classes
are sufficiently high, so these
larger fuel classe_do not signiti-
cantly contribute to prescribed tire
intensity In most cases.

Fuelmoistures in the i-and lO-
hour classes will van"daily with
environmental conditions. On any
Particularday, _escribedfires
should be planned based on the
predicted levels of moisture within
these two fuel classes in associa-
tion with weather conditions. Pre-
scribed fire planners should be
aware that areas with heavy. Ioad-
ings of these two smaller fuel
c[a_es can exhibit intense behav-
ior resulting from the amount of
fuel to be consumed. Also, areas
that are influenced by slopeand as..
pectcan experience erraticand in-
tense fire behavior f_om the
preheating effects. Southern as-
pects canpmduce intense [ire be-
haviorwhile northern aspects of
the same unit may have difficulty
carrying the fire.

At the 0 to 200 levels, nearly all
soll organic matter,duff,and the
associated lower litter layers are
left intact. These layers, even
though they may not be soaking

Continuedon pageB
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wet,willbe protectedbytheinsu-
latingpropertiesofthemoistlayer

below,willretainmoisturelevels
dose toextinction,and willresist

ignition. Patches of unburned fuel
can be expected with most fuel
types. Burns conducted at this
level can be expected to give the
"mosaic" pattern of burned and
unburned fuels over the burn unit,
often a preferred result.

The t'_ical burn patterns imple-
mented at the 0 to 200 te_ls in-
clude a relatively fast head and
strip-head fire or a backing fire
that consumes the upper litter lay-
ers, Once the fire passes, remain-
ing embers extinguish quickly.
Within a few minutes, the area is

completelyextinguished and
smoke free. Mopup efforts required
on most burns are minimal. Bums
that can be successfully Imple-
mented at this stage Include those
for fuel reduction, range improve-
meat, or wildlife habitat, and any
burn that does notrequire a deep
burning, organic- and duff-reduc-
tion-type fire.

Smoke management concerns are
primarily centered around the
smoke generated during the bum
and not from large smoldering ma-
terials following its completion.

Natural features such as creeks and

drainages can be used a.scontrol
lines. Most agencies and compa-
nies will me mechanized equip-
ment to construct lines, but
adequatellnescanbeconstructed
with hand tools. "Wet lines" can

also be used in some fuel types.

A word of caub'on: While this part
of the index represents the "wet-
test" part of the scale, it should not
be taken as an indicator of fuel
moisture (1-hour and t0-hour) in
the upper layers of the fuel corn-

plex. These fuel moisture levels are
totally dependent on fiuctuatiom
in dailyweather variables. Dry air
masses or frontal pa_ages that
pa_ over an area may have an in-
significant effect on the K-BD[ but
can lower fuel moisture to critl-
_lly low levels. Prescribed fire
planners should emure that ac-
ceptable fuel moisture measure-

ments are accounted for prior to
ignition, regardless of the K-BDI.

......... :2:.: ,_. ....................... • ...-: .

Management should
consider' that the mid-

to upper-600 range is
the limit of acceptability
for igniting prescribed
fires of any type unless

specific locality
conditionsd[ctate

otherwise.
.... 7-TZ':'7:Z:SL "-=_

K-BDI Levels 200-400

In normal years, the 200 to 400
l_ls wou]d represent conditions
found in the late spring and early
growing season.Rising tempera-
tutus, increased levels of transpira-
tion within the plants, and normal
water movement reduce moisture
within the soil and fuel profile.

In these index levels, lower litter
layers and duff begin to show signs
of water loss and wilI begin to con-
tribute to fire intensity. Humidity
recovery at night will have some
positiveeffect on moisture recov-
ery In the fuel profile. Daily tem-
perature and humidityvariations
under normal burning conditions
will quickly reverse this recovery.

F'ire practitioners should expect an
increase in fuel consumption over
the area as the Index moves into

the upper end of this range. The
increase in fuel consumption and

resulting intensit_ can result in
heavier fuel classes becoming in-
volved inthe burn. Heavier dead

fuels such asdowned logs and
snags will now become a part of
the burn proce_. Fire planners
should also expectthat some of the
lk,e fuels such as tow-In'el brush

species and vines such as honey-
sucklemay now receivesufficient
heattobum activelyand contrib-

uteto conb'ol problems if they are
closeto fire lines, Patches of un-
burned vegetation are still com-
mon, but these condiUons tend to
allow for more smoldering and

creeping fires that may eventually
consume most surfacefuels.

Fire plannerswanting to initiate a
burn o_,tr a forested area to "black
_tout" should con.sider the 200to

400 range on the index as condu-
cive for that purpose.Sufficiently
intense fires can be generdtxd with
most forest fuel types to carry
across the area. These conditions
also allow for an increased,al-
though not coraplet¢, oonsump-
lion of the lower litter layers and
du.ff,which tend to ensure the fire
carries across the unit. Under nor-
mal oondifions, the majority of the
duff and organic layer will still be
intact following the bum, Soil ex-
posure will beminima].

Smoke management can become a
real hazard, especially if there are
significant larger fuel classesavail-
ablefor ignition. Downed logs,
stumps, and similar matzrtal
should be expected to ignite and
smolder for a comiderable period
of time. Also expect smoldering
and the resulting smoke to carry
into and possibly through the
night. Smoke-sensitive areas
shouldbe thoroughly screened,



and mitigation measures should be
implemented when necessary.

Hand line* cof_Lrucl,cd to hold the

fire shouldbe composedofm_nera]
sell, Managers should thoroughly
check natural feature, used for
control lines for dried debris that

could allow fire to creep across.
They will need to patrol mechani-
cal lines and clear away any ignit-
able materials left following
construction. Fire planners should
seriousIy reconsider line standards
under conditions in the upper lev-
els of this range,

K-BDI Levels 400-600
Levels between 4_0 and 600 are

typical of those encountered dur-
ing the summer and early fall con-
ditions in the South. They
represent the upper range at which
most normal unde_tory type
burning should be implemented.
Very Intense fire, can be generated
with bums ignited in this range of
conditions. Under these levels,
most of the duffand associated or-
ganic layers will be sufficiently dry
to ignite and contribute to the fire
intensity and will actively burn.
The intensity can be expected to
increase at an almost exponential
rate from the lower to the upper
endsof this range.

Fire planners should expect a con.
dderable amount of soil to be left
e_)osed following a burn. Much of
the site preparation burning done
across the Southern United States
occurs under this set of conditions.
Intensity of burns under thee con-
ditions is such that most fuel

classes occurring on a unit will ig-
nite and burn. Complete consump-
tion of nil but the largest dead fuels
can be expected. "larger fuels not
consumed may smolder fbr several
days, creating smoke and potential
control problems.

Within the bum, expect weathered
stumps, downed logs, and most
snags tO be completely consumed
over a period of time (possibly sev-
eral days). A significant portion of
the duffand organic layer will be
consumed, resulting in large areas
of exposed mineral soil. These ar-
eas may be susceptible to sheet
erosion with the next heavy rain.
This potential varies with soil
types. Smoke management relat-
in_ to sensitive areas is of critical

importance due to the length of
time smoke is likely to result from
the burn area.

Under normal ei_cumstances, fire
planners should have a specificre-
source management objective that
requires an intense fire before Ig-
niting understory fire._ in this
range: The Intense fire, and deep

burning that oft_ result from
these conditions can do serious
damage to timber resources and
present an opportunity for insect
peststo create additional prob-
lems. Control problems resulting
from spotting should be expected.

These 400 to 600 levels indicate
two things are happening: 1) Deep
drying resulting fromwater lossis
oo_urrtng in the duff and organic
material in the soiI, and 2) lower
llve fuel moistures resulting from
continued water 1o_ in the soil

and the natural physiological pro-
cess within the plants make under-
storyvegetationsttscept_leto
ignition with a minimum of pre-
heating. These two situations
amount to an Increase in the fuel
available for consumption and con-
sequently increase the fire's inten-
sity. Pire planners should consider
that the outputs from computer
programs and nomograms relating
to intensities are underpredieted
and plan accordingly.

At these levels, fire planners
should seriously begin to reevalu-
ate the line construction and loca-
tion standards necessary to contain
the burn. Reduced runoff levds in
some dralnages can preclude their
use as control lines or require that
they receixz some refurbishment
treati_ents, Failure to pay atten-
tion to low water levels and debris
that has drifted Into creek chan-

nels can create potential control
problemsthatwill continuetoes-
calateas the index levels increaxe
becausefires can creep across such
materials. Where practical, useei-

ther major natural features or
roads that are suitably located. All
line construction should be of
mineral soil. Since duff and or-

ganic material can provide an av-
enue forfire tobum acrossthe
line, it is imperative that it is re-
moved from within constructed
lines. Where practical, consider
line locations that would othenvise

be used for fire suppression; they
ran aivean addezl"edge _ in main-
taining the security of the Iines
under intense conditions.

K-BDt Levels fiOO-800

_l_e 600 to 800 range of the K-BD[
represents the most sewre
drought conditions identified
within the index and results from
an extended period of little or no
precipitation and high daytime
temperatures.

There maybe exceptional c_es
when specificmanagement objec-
fives for a given area justify pre-
scribed fire ignitions within this
range. Management should con-
sider that the mid- to upper-f00
range is the limit of acceptability
for igniting prescribed fires of any
typeunless specific locality condi-
tions dictate otherwise. TMse lev-
els of the index are often associated

Continued on perle 10
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with increased wildfire occurrence,
and many Statesandmunicipali-
ties will issueburning bans when
the K-BDI is this high. Burning
bans, of course,should preclude
any management decision regard-
ing prescribed fire. Such bans are
an acknowledgement of the seri-
ousness of the fire situation.

Prescribed fires ignited within this
range will be characterized by in-
tense, deep-burning fires. The po-
tential for significant down-wind
spotting should be considered the
rulein planning, Liveunderstory
_egetallon 2 to 3 inches (5 to 8
cm) in diameter at groundlevel
should be considered part of the
fuel complex because Eve fuel
moistures will be sufficiently low
andthevegetationwillburneasily
with a minimum of preheating.
Themajority of soil organic mate-
rial subject to ignition will be con-
sumed; stump roots and other
subsurface organic material that
ignite will probably be completely
consumed. Once ignited, larg_ fuel
classes wilt burn lntehsely with al-
most total consumption. In brief,
expect these fire_ to be very diffi-
cult to contain and control.

Possibly a year or more will pass
before a layer of organic material
will be replacedon thearea.Re-
source managers shouldexpect
some amount of soil loss from ero-

sion until the area replaces suffi-
dent vegelatlve co_r. The

significance of the loss wig be de-
terrnined by the specific soil type
and slopes on the area, Mnc con-
struction standards should follow
the previous discussion standards.

Rising and Falling
Indexes

This discussion primarily addresses
the effects on the larger dead com-
ponent [uei associated with a given

fuel model and has its ba.ds In the

timelag concept associated with
100-, 1,000-, and 10,000-hour fuel
elates,Indexesthathavebeenlow

m_lbeginthenormalseasonalrise

arecharacterized by the larger fuel
classes being damp deep inside.
1_/plcally,a large piece of woody
material will be saturated in the
interior and therefore be difficult
to ignite and sustain combustion.
As time progresses, the exterior
dries, but interior fuel moistures
still remain high. For example,
smoldering logs are sometimes ig-
nited by fire intensities high
enough to overcomethesurface
moisture levels but later go out
due to the high interior moisture
levels, precluding further combus-
tion. When this occurs, there may
besome concernaboutsmoke

fromthesmolderingdebrisand
mop up.Dealingwiththissitua-

tionis relatively easybecatt_e hu-
midity rccax_ry at night can help
extinguish thistypeofigniffon.
However, a falling indexcancause

an. opposite reaction.

The larger fuelclasses have experi-
enced deep drying from a sustained
period of little or no precipitation.
The exterior surfacemay have a
relaEvely high fuel moisture level
from recent rain while the interior
of the fuel will have lower raois-

tures due to the longer equilib-
rium timelag. Prescribed fire
ignited under these conditio_
may devdop sufficientintensities
to break through thisouter layer
of high fuel moisture. Once this
happens, the fire encounters a res-
ervoir of material with compara-
tively low fuel moisture levels and
can be expected to burn for an ex-
tended period of time. 1"hiscould
go on for severaldayswithin the
area and result in a large amount
of smoldering material and smoke
management problems, depending

on the type and amount of fuels on
the area. Experience has shown
that this material will continue to
smolder until it is consumed,
mopped up, or another precipita-
tion e_nt raises moistures to a
level ofextinction. The resulting
smoke problems can be com-
pounded by fluctuations in wind
direction over several days, Mop.up
operations can be lex|gthy and ex-
pensive.

Fuels that have high moisture lev-
els on the outside and are dry on
the insideshould be expectedfor
indexesthat ha_ been in the 600+
range and haverapidly faIlen into
the200 to 300 range. This could
have resulted from one precipita-
tion event, and while the 1- and
10-hour classes of fuel are immedi-
ately affected, theother fuel c]asses
are slower to react. This is just one

example of the subtleties noted
from actual field experience in
dealing with the index values.

Days Since Rain
Finer fuel classes are immediately

affectedbyprecipitation of a_y
type. Since fires originate and
spread within thesectass_, we can
use this characteristicto accom-
plish prescribed fire objectives dur-
ing what might normally be
unacceptable drought conditions.

During the first few days following
precipitation, the surface [uels will
have been saturated and begun to
dry out. The lower fuel layersand
possib_, even the organic layer
may still havemoisture.of.extinc-
tion levels. Resource objectives can
beaccompli_ed by timing the
bum to occur during this period
even though the drought index lev-
els may still be high. Timing of the
prescribed burn may be critical
and fire planners should be fully
aware of the conditions they are
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dealingwith.Mostbumsshould be
accomplished during the first 2 or
3 days following precipitation.
Prom a prescribed fire standpoint,
the effects of precipitation will
have dimppeared after about 4 daya
of continuous drying.

Prescn_ed fire personnel should be
especially careful in monitoring
the amount of precipitation that
has occurred. Once fuels have ex-

perienced deep drying, there must
be a dgnificant amount of rainfall
to dampen conditions to the point
where they are reasonably Pfe for
burning. In most cases, precipita-
tion amounts in the l/2-inch (1.3-
cm) range shouldbe considered
minima[. The prescribed bumlng
of dry,, flne fuels affectedby small
amounts ofprecipitation reflect
the type of conditions and burning
done in the summer growing sea-
son throughout much of the
Southeast. These burns can be ac-

complished by careful planning
and following these general guide-
lines.

Index Readings That
Depart fromSeasonal
Norms
Fluctuations in weather patterns,
temperatures, and preoipitation
levels can all coindd¢ to create a
departure from the normal yearly
index pattern. An abnormally dry
falIarid winter season could lead
intoan early Spring seasonwith
drought index readings in the 500
to 600 range. For example, in
1987, the Southern United States
experienced a severe fall fire season
and carried K-BDI re._[ngs of 600
into January and February 1988,
when the normal reading would be
expected to be lessthan 100. Since

thatti_e,other localized drought
event,shave occurred, resulting in
similar fire seasons.

Prescribed Ere planners must rec-
ognize departures from normal
readings in planning bums for
their particular location. A bum
conducted under index levels of
lO0 in the _pringtime is not the
same as a bum conducted under
levels of500,Extreme caution
shouldbeu_edinimplementing

The ideal time for
understory prescribed
burning in the South is
within the first 2 or 3

days after precipitation.
F" ...... _-'-----_'==':":=':-'-_ 7" ":'_"" _u

any burn under this set of condi-
tions; they are primed for a poten.
tial escape situation.

Closing Thoughts
Through the pre_,iousdiscmsion, I
have attempted to qualify and
quantify the effects of the K-BDIas
it relatesto the application of pre-
scribed fire. The variables within
this application are many and their
interactions complex.

Prescribed fire personnel should
alwa)_ remember that the K-BDI is
a measure of meteorological
drought; it reflects water gainor
loss withinthe soil. Itdoesnot
measurefuelmoisture.Prescribed

timapplicationisalmosttotallyde-
pendent on the moisture levelsin
the 1- and 10-hour classes,which
must be measured by other means
for an accurate assessmentof fuel

moisture, regardless of the
drought index readings.Prescribed
fire managers must alsobeaware
that dr},_zgetaCion due to reduced
soft moisture will create additional
fuels available for flr_.consumption

in themid and upper ranges of the
index, This condition Is not ac-
counted for in current computer
technology such as BEHAVE
(Andrews D86).

The K-BDI levels discussed here

andtheresultingeffectson pre-
scribed fires should not be consid-
ered hard-and-fast rules but rather
a reflection of my career experi-
ences in dealing with both w|ld-
_res and prescribed fires and the
levelsof the K-BDI. Readers are in-

vited to develop their own guide-
lines and apply this information to
their particular situations.Varia-
ti_ in fuel types, topngraphy and
aspect,geographic location, mois-
ture and temperature regime.L and
soiltypesmay dictate a varietyof
effects within the levek of the
K-BDI, ARer all, that is why we
describe the implementation of
prescribed fire asan art rather
than a process.
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Appendix IV. Hawaiian MM5 Forecast Manual

Introduction

MM5 is probably the most popular mesoscale weather model and is used in research

worldwide. It was developed at the National Center of Atmospheric Research in

Boulder Colorado, and at Penn State University. It is an evolving model, with a new

version appearing every year or few years. The MM5 is state of the art using the most

up to date meteorological research for the model's formulation and set up. The
Hawaiian forecast uses the most recent version as of 3/01. For more information on

MM5 refer to the MM5 home page:

_m.ucar.edu/mm5/mm5-home.html

T3adhmlal 

6 different domains are used in the Hawaiian forecast. Each domain covers a

specified area that is run at particular horizontal and vertical resolutions within MM5.

1) The outer domain (fig 1) has a 27 km horizontal resolution. It is the largest

domain, a 4860 by 4860 km square centered on the Hawaiian Islands. This domain is

designed to simulate the larger scale features that affect the islands, for example

frontal passages, and tropical disturbances.
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Figure 1:27 km resolution domain, temperature plot

2) Within the outer domain is a 9 km resolution domain that covers the

region surrounding the near vicinity of the Hawaiian Islands (fig 2).
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Figure 2:9 km resolution domain low cloud plot

3) There are then four 3 km resolution domains over a)Kauai and Nihau,

b)Oahu, c)Molokai, Lanai, Kahoolawe, and Maui (fig 3) d)The Big Island.
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Figure 3:3 km resolution Maui domain, wind strength and direction

4) Finally at present a lkm resolution domain over the Haleakala region on Maui,

not currently available on the web site.

Wfbsite structure

The MM5 home page first allows the user to select one of the 6 domains to view.

After selecting the domain of choice the user can choose a field to view. There is a

choice of viewing either an animation over the forecast time or a specific field at a

particular time. The model data is archived.

a)Temperature (see fig 1): The temperature field provides the temperature at the

lowest level of the model. This can be considered as the equivalent to the



temperatureat 2mabovetheground. Thetemperatureis indegreesFahrenheitand
thecolor scaleis at 2 degreesintervals.

b)Wind (see fig 3): This plot shows the strength and direction of the wind at the 2-

meter level. The color plot is the wind speed in meters per second. The wind speed

in knots is approximately twice the value.

c),d).e) Low (see fig 2). middle, and high clouds: The representation of clouds in

MM5 is sensitive to many factors. Different cloud and microphysics schemes are
used for different studies and each scheme makes different assumptions. For the

Hawaiian forecast we use the Grell cloud scheme with the Reisner mixed phase

cloud microphysics scheme. For the 3km and lkm resolution domains only the

Reisner microphysics scheme is used.

Clouds are plotted on sigma levels. Sigma coordinates are terrain following

coordinates as shown in fig 4. For this reason the low, middle, and high layers are

dependent on the elevation of the surface. For the complex topography of the

Hawaiian Islands it is important to note that over the mountains the clouds in the low

level field will only be low relative to the surface, that may be as high as 4000

meters.

The clouds are defined by the cloud water mixing ratio. For the low, and middle

cloud field, clouds(grey shading) are plotted at mixing ratios greater than 0.05 g/kg.

For high clouds the grey shading is for mixing ratios greater than 0.01 g/kg.
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700 hPa

800 hPa
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900 hPa

1000hPa

|
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The COMET Program "

Figure 4: Sigma coordinates over mountainous terrain



f)Relative Humidity: This plot has relative humidity at the surface in %.

g)Rainfall: This plot has the accumulated model rainfall over the past three hours

before the specified time. The rainfall is in mm.

Haleakala Domain

Within the 3km resolution domain covering the island of Maui, a lkm resolution

domain is nested over the Haleakala volcano region. The summit observatories are

providing observational surface data for 6 stations within the region at the locations

shown on fig 5. These observations will be assimilated into the forecast thereby

hopefully improving the accuracy of the model in this region. This is particularly

important given the high resolution of the domain.

\ ¢

Figure 5:* The Haleakala region with the surface stations (red dots)

This domain is designed to provide the observatories with primarily cloud cover data as well as

the other meteorological conditions.* Establishing cloud cover in such a high resolution domain

may be a difficult task given the complex daily cycle and topography.* We hope to be able to

validate the model results by using the observations for Haleakala.

West Pacific Domains

We have the ability to provide MM5 forecasts for specific islands in the west

Pacific. These islands include Guam, Pohnpei, American Samoa, and Eniwetok.

The resolution of domain around each island would most likely be 3km. The island

domains would then be nested in a 9 km, 27km, and finally a 81 km resolution

domain covering the West Pacific region.



Appendix V. Answers to specific PDC questions about: High-resolution weather

forecasts/analysis (J. Roads, PI, jroads@ucsd.edu)

http://ecpc.ucsd.edu/projects/pdc/pdc.html

0. Description of your Project

Since the beginning of this NASA PDC project, we have routinely provided global to regional to

mesoscale numerical model output to the PDC for various applications. In particular, we now

provide high-resolution numerical model output for predicting environmental conditions

associated with diverse natural hazards such as wild land fires, drought, E1 Nino/Southern

Oscillation (ENSO), VOG, and severe storms. We are also developing corresponding archives

that can be used to evaluate temperature, precipitation, wind, humidity, fire potential, and

drought predictions for the Hawaiian Islands as well as the entire Pacific Basin as part of our

Scripps Experimental Climate Prediction Center (ECPC).

Since the Scripps ECPC hosts the current RSM/MSM model master, the MSM/RSM models are

available to PDC upon request. MM5 is also available from NCAR. However, we did not plan to

actually provide the RSM/MSM (or MM5) models since this would require some high-level

modeling expertise to develop, execute, and analyze what we now do routinely for the HWCMO

forecasts and the other Scripps ECPC forecasts. However, if PDC has the resources to efficiently

utilize these models they are more than welcome to them and we will be glad to help them

implement them as part of the PDC system.

1. Status of your project

The RSM/MSM has been run rootinely since the start of a research grant (9/1/1999-8/31/2001)

through NASA's Natural Hazards PDC program. Initially the RSM/MSM forecasts were made

out to only 24 hours but during the PDC grant timely RSM/MSM forecasts were extended to 48

hours (since 4/2001) and could be easily extended to 72 hours depending upon available

computer time. Also, the initial meteorological forecasts were augmented by fire danger and

drought forecasts and are also now being utilized to drive VOG tracer models. The output is also

available for other models requiring routine high-resolution meteorological data.

Experimental 28-hour MM5 forecasts have also now been implemented routinely (since 4/2001)

to provide an alternative model prediction. Development of associated fire danger and drought

predictions as well as model archive and evaluation with MM5 have not yet begun but in

principle can be done if output from that model is also required in the future.

In addition, we have held several workshops with PDC personnel.

1. We described our basic operational system at the first PDC PI meetings at PDC, 12/8-

9/1999 (Roads et al. 1999).

2. We held a training session for PDC personnel on 4/17/2000 at MHPCC. At this training

session, we described the HWCMO model, products, and available research deliverables

to PDC personnel.

3. We held an RSM workshop for the entire international RSM community and interested

PDC personnel at MHPCC, Jul. 17-21, 2000. At this workshop, our RSM/MSM
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modeling system was described in extensive detail by the developers and our numerous

international collaborators (Roads 2000b)

We further described the operational system and available products at the 2nd PDC PI

meetings at PDC, 1/17-19, 2001 (Roads et al. 2001).

Another RSM workshop was held this year in Taiwan and another one is being planned

for next year in Los Alamos New Mexico.

2. How you have met milestones to date, and what remains to be done

We have basically met all of our milestones, although we are still trying to develop a better

analysis and documentation and are continuing to work on this, at least until the end of this

contract. The user manual and this appendix are online at:

http:l/ecpe.uesd.edulprojeets/pdc/pdc.html

Milestones:

1. High-resolution weather forecasters�analysis products. The RSM and MM5

forecasts/analysis will continue to the end of the PDC contract (8/31/2001). A final

report, including a user manual describing the system and associated output will then be

delivered to PDC. (It is unknown yet whether the routine forecasts will continue past this

end date since there has been no resolution as to what kind of support will be needed to

continue the forecasts. We will certainly do our best to not stop any forecasts, although

some issues really need to be resolved to ensure continual delivery.)

, Enhance standard HWCMO forecast / analysis products with a drought index and fuels

based fire-danger rating. The Hawaii fire danger and drought rating has now been

implemented and is displayed and provided along with the basic meteorological variables

to PDC.

. Evaluate and compare HWCMO forecasts with observations and other models. This is an

ongoing effort. Initial evaluations are described in the HWCMO user manual (in

preparation).

. Develop an open MP version of the current HWCMO MSM. This has now been

implemented and is described by the HWCMO user manual (in preparation; see the web

site above). Open MP has increased single processing speed by 300% and if computer

expense were not an issue then timely 72 hour and even longer forecasts would now be

possible every day. Due to budget and MHPCC support limitations, we have only
increased the RSM/MSM forecast time to 48 hours under the current contract.

, Include an open MP version of MM5 in the current HWCMO GSM framework. This has

now been implemented and routine MM5 forecasts and forecast displays are available,

for at least the meteorological data. Additional work will be needed to have the MM5

forecasts drive the fire danger, drought and vog transport models and this will probably

not be finished by the end of the contract.

6. Work toward developing similar models and products for Guam, American Samoa, and

Pohnpei. This part of the effort was never explicitly implemented, in part because a



numberof otherproblemstook higherpriority, andin partbecauseanotherislandneeding
such forecastswas not identified by PDC. However, given the easewe have had in
developingthecurrentmodelsfor the individual Hawaiian Islands,we seeno problems
with developingsimilar modelsfor anyotherisland,whenandif PDCreallydesiressuch
amodelsetup.In thatregard,wehavealsometthis milestone.

3. We are very interested to hear about your model's integration into PDC. If you are

providing new data sources (rather than model code), please review how PDC will gain

access to these data.

Input data for the MSM and MM5 forecast models is provided via Internet (ftp) from NWS
National Centers for Environmental Prediction and from Scripps ECPC. The mesoscale models

(MSM and MM5) are subsequently run at MHPCC and the MSM now drives a fire danger code

as well as vog transport calculations. Website graphics and model output data, including GIS

output, are have been made freely available to PDC and we are now sending files over daily. In

addition we have archived input data and forecast output since the beginning of this contract to

present at MHPCC.

PDC has been notified about this data access and they were asked to comment about the output.

Our initial feedback indicated that they would rather have us ftp them the daily data than to have

us open up our disk files for them to access. We are in the process of fully implementing this.

However, we would encourage PDC to develop a more general access within the model

environment in the future.

4. Model Acceptability:

Please summarize any coordination or collaboration activities that have occurred - or are

planned - between your modeling project and the Federal agency that has the responsibility

for issuing watches, warnings, and advisories. For instance, if you have a weather model,

how can we get NOAA's assistance in validating the model? Or if you have a volcano

product, what plans do you have for working with USGS/HVO to get their acceptance of

the model? Also, describe any sensitivity or validation studies that have been performed or

are planned.

Besides working with modelers at NCEP, which provides the numerical guidance for all regional

weather forecasts in the country, including the local Hawaii weather service, we are using

standard NOAA (MSM) and Air Force (MM5) models. We utilize NCEP analyses to initialize

the models and NOAA observations to validate the models. The major distinction from the NWS

and Air Force is that we are extending these models to higher spatial resolution and longer time

scales. Our model output is then made available to the National Weather Service and other

agencies through at least the Intemet Website. It should be noted that operational forecasters of

NWS choose what model information they wish to utilize in the preparation of advisories of

severe weather. In that regard, the Hawaii Weather Service is making use of a very similar

lower-resolution (10 km) version of the MSM that we are using for these experimental (higher

resolution) forecasts The unique advantage of our output data is that it can be used to provide

enhanced digital detail for all severe weather and climate events but ongoing evaluations of its



accuracyaswell asthe additionalvalue addedfor specific eventsstill needsto beobjectively
evaluated.

Also, describe any sensitivity or validation studies that have been performed or are

planned.

We are developing long-term archives of the model forecasts and available observations to

understand some of the model biases as well as skill. Preliminary studies described in the user

manual indicate that the skill is high and comparable if not greater than standard weather,

climate, and fire danger forecasts. Given this model skill, we are now in a unique position to be

able to develop high-resolution climatologies and weather forecast archives for the Hawaii

Islands that can be used to supplement meager weather observations.

In addition, we are extending the model to even higher resolution for various case studies. As

described in the user manual, Oahu weather simulations were developed on a onerkilometer grid

for a small-scale field experiment on August 14 and 16, 2000.

5. Model Adaptability

Please describe the steps or process involved in adapting the model to different regions

within the PDC Areas Of Responsibility (AOR). Weather models, for instance, may work

well in the northern hemisphere but require significant modification to work in the

southern hemisphere. Also, comment on any code modification, model calibration, or other

considerations required in the adaptation process.

Our mesoscale models are driven by operational NWS global analyses and forecasts; as such,

they are re-locatable anywhere on the globe. However, the regional domain, including high-

resolution terrain and surface files, must be specified in the model set-up. This regional data is

available globally for all model resolution and thus the models can be easily ported anywhere in

the world.

It should be noted that our models are used internationally (we have sponsored the international

RSM workshop the past 3 years, for example) and we have thus gained some experience upon

the adaptability of the models for different regions.

However, evaluating the predictions and simulations for a particular region requires detailed

local knowledge, and thus it is always our preference to work with local researchers on local

problems. In that regard, we have focused in this contract on the Hawaii Islands.

6. Model Assumptions:

Please describe the physical process modeled, assumptions that have been made, and how

the process is implicated within the code. Also, discuss the operational limits and
constraints of the model. Comment on what disclaimer information should be added to a

PDC output product resulting from a particular model or suite of models.

We provide high-resolution forecasts and analyses of the weather, as well as applications of this

weather and climate information for fire danger. These forecasts are higher in resolution (order

of magnitude) and extend further in time, than what is available from the NWS. Digital products



from theseforecastsarealsousedto drive applicationmodels,whichhaveheretoforeonly used
meageravailableobservationsasinput.

Theseforecastsarethus intendedto be a major supplementto what is availablefrom official
agencies,suchastheNWS, which is taskedto provideoperationalweatherforecasts.However,
the weatherserviceis awareof what we have beendoing and is supportive.In that regard,I
shouldmentionthat NOAA hassupportedour experimentalpredictionwork for over20 years.
Many of our efforts havenot only resulted in scientific publicationsbut havealso gone into
improving our nation'sability to deliver increasedamountsof andincreasinglymoreaccurate
weatherandclimateforecasts.

However,thedisclaimeronourwebsitesays
EXPERIMENTAL PREDICTIONS SHOWN IN THIS SITE HAVE NO OFFICIAL

STATUS. OFFICIAL FORECASTS ARE DISSEMINATED BY THE NATIONAL

WEATHER SERVICE AND OTHER GOVERNMENT ORGANIZATIONS.

PDC should provide similar notification if it wishes to provide similar products.

7. Data - Input:

Please identify the model input data requirements. Providing a handout with a list of the

following would be useful: Note that we expect that your final delivery to the PDC will

have documentation that describes how the model utilizes the data, so that an early

discussion of these issues may help you formulate the final version.

RSM/MSM model documentation in the user manual includes detailed information about input

routines. Basically, the input data comes from the NCEP global analysis and aviation forecasts

that are available every day at NCEP. These analyses and forecasts are obtained by ftp every day

from the NCEP rotating disk archives. Separate documentation is provided for the fire danger

code, which utilizes the basic output of the RSM/MSM. In addition, several static files

describing the model orography, vegetation, and land-sea masks are needed for specific islands
and these are included with the models.

Only more general documentation is provided for the more experimental MM5 model, since this

experimental model was set up only at the end of the contract and in general all detailed input

data provided for the RSM/MSM are also used for the MM5.

8. Data - Output:

Please identify and comment on the model output data for potential PDC products.

Digital daily high-resolution weather data is available to drive all application models requiring

weather information. For example, our output data drives a fire danger and drought code as well

as a transport model for vog. Output from these application models is also available to PDC.

These application models can also be used to make predictions since our mesoscale models

predict all weather information at lead times of 2 days (now) and eventually could make

forecasts of 3 or more days depending upon available computer time.

Also, include information on:



a) Data type: digital high-resolution regional weather data

b) Format: IBM binary and text files, some in GIS output format.

c) Resolution: 80 kms for input NCEP analyses, 10 kms for all islands run. 2-4 kms for

individual islands.

d) Accuracy: comparable to observation error for initial fields, decreasing accuracy with

increasing lead time

e) Data size: 150 Mb/day

f) Perishability: All input and output data have been archived on the MHPCC mass storage

system since the beginning of the project and will be readily available through the end of the

project. After that, it is not clear what MHPCC will do with the data.

9. Hardware and Software Requirements:

Please describe the model host or execution platform (PC, UNIX, SGI, CRAY, SP, etc.).

Please describe any supporting hardware and software required for model development,

maintenance, execution, output display, and data visualization.

We have found that a dedicated supercomputer center can be important for our task although it is

certainly quite possible to run similar codes on a dedicated high-end UNIX workstation, which

we actually do for other domains. There are in fact some advantages to using high-end

workstations and these advantages should be weighed along with the advantages from super

computer centers. For example, if MHPCC was willing to help with needed computer time and

effort for this project then ways for PDC and MHPCC to continue this collaboration should be

explored. If MHPCC wants to charge commercial rates then it is our feeling that cheaper

alternatives like high-end workstations might prove more economically feasible for PDC.

Please describe any supporting hardware and software required for model development,

maintenance, execution, output display, and data visualization.

The models use standard Fortran and C compilers, along with UNIX scripts. Products are

provided as digital files to standard graphics packages, such as NCAR graphics, GRADS, GMT,

and GIS. These digital products can be downloaded and easily displayed on high-end PCs,

Macs, and low-end workstations.

10. Cost:

Please describe any licensing, maintenance, data, run-time, or other costs associated with

the model.

All model licenses are free. All input data is free. All output data is free except for the intrinsic

cost of producing it on various computers. Display output can be low or high cost depending

upon the cost of the desired graphics environment. However, it should be noted that the major

cost is the time and effort involved to run a large weather prediction model. A dedicated and

knowledgeable person or more is required to sustain the effort. For example, our RSM/MSM

model master was in charge of upgrading the Hawaii RSM/MSM to open MP, as well as

upgrading the HWCMO WEB site, etc. MHPCC programmers as well as other scientific staff

also provided some help in adapting the model to the MHPCC framework.



In the research phase, we have been taking advantage of a number of people to develop and

maintain the models. To adequately maintain the present level of activity, we would require

support for at least a full time model master to monitor the jobs, data archive, and web displays,

as well as some additional scientific support. An adequate workstation or access to

supercomputer time would be required. We estimate a continued cost of around 100-150K/year

depending upon computer costs (supercomputer or workstation) and personnel.

In short, the current effort demonstrated the feasibility of making these routine forecasts; now the

question is what it would really take to sustain it.

11. Model Run Logistics:

Comment on where the model software will be located.

The Scripps ECPC now maintains the basic RSM model software and updates. The specific

versions used for the PDC project are located at MHPCC. The basic MM5 software is

maintained by NCAR and the specific Hawaii version is located at MHPCC. The fire danger

code is online at MHPCC and is also available through the Scripps ECPC as well as the USFS.

All of these codes are continually being upgraded and the latest versions would be available to

PDC.

Comment on what expertise is needed to run the model.

High-level programming skill coupled with meteorological expertise are needed for the

mesoscale weather models. The fire danger code (which includes the drought prediction) is more

general and can be run with less expertise but needs some fire danger expertise to interpret and

analyze it.

Comment on the typical scenario run times.

Current single processor runs take 12 hours per 48 hour all island forecast and 24 hour individual

island forecasts. With transfer to 4 processors open MP, the run times have dropped by a factor

of 3 and runs up to 72 hours are certainly possible every day if computer costs can be covered.

Comment on identifiable thresholds or conditions for initiating the model run.

We believe it is most useful to run the model every day but to then access it for other

applications on a case-by-case basis. We do not believe this type of complicated model can be

run on a case-by-case basis except as a special study after the fact. In that regard, it should be

noted that typical case studies like this will take several years to complete and would not provide

timely forecasts and analysis for PDC applications.

Please describe any data interdependencies with other modeling projects.

We are not dependent upon the other projects to deliver our data. However, we could use some

help in evaluating our products. Some projects such as vog and pollution transport models are

using our data to drive aerosol transport and diffusion models and we hope this can continue.

12. Analyst Training:



Pleasedescribethe level of analyst training required for effectively using the model. If you
have started to prepare your manual, pleasebring draft materials. Note that the User
Manual that youare preparing shouldexplain:
a) How to ingestnewdata
b) How to build a scenario
c) How to run the model

Training as a mesoscale atmospheric modeler is required to continue to run these mesoscale

codes. In addition, the modeler would require some time to get used to our basic operational

environment, including learning how to download the needed input data on a routine basis and

how to display and analyze the output data. Our standard RSM user manual describes this in

complete detail.. The MM5 user manual, which explains similar things, is also available from

NCAR. Both of these explain 12a-c. In short, our user manual describes the current data input

and output from these models as well as how to run the fire danger code. These can serve as a

beginning point as well as point of reference for later operations. In that regard, it should be

noted that during this contract, we have held 2 RSM workshops in which the first day was

devoted to a first course on the RSM and the subsequent days introduced ways in which the

RSM was being used by the international community. A competent modeler should be able to

become fully acquainted with the modeling system within a year.

Even if PDC only desires the output products, we also believe it would be helpful if someone

from PDC were to spend some time at Scripps ECPC or MHPCC learning about available

products and suggesting ways in which we could improve data delivery of current products.

Alternatively it would be useful for us to spend some time at PDC accessing our output and

tailoring the output products for specific PDC needs. For example, we could hold periodic

training courses on specific output requirements including ways to analyze, interpret, and display

weather and fire danger output. In that regard, we held one specific workshop describing the

basic system and have since been in contact with various PDC members on the best way to
transfer the basic data to PDC. We believe that interested PDC researchers would require only a

few weeks to months to begin accessing and displaying our output data.


